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PREFACIO 
 
A tese titulada "A vía detritívora nas cabeceiras dos ríos forestados. O papel dunha especie 
dominante no ecosistema”, céntrase no estudio da estrutura e funcionamento de pequenos 
ríos forestados, unha paisaxe característica do clima temperado. Esta tese inspirouse en 
investigacións previas realizadas polo equipo de limnoloxía da Dra. Isabel Pardo, nas que 
estimáranse as taxas de descomposición e a dinámica dos nutrientes de distintas especies de 
follas. O traballo de campo levouse a cabo en Galicia (NO España) e na Reserva Forestal 
Malcolm Knapp na Columbia Británica (SO Canadá), namentres que todos os experimentos 
de laboratorio leváronse a cabo no Departamento de Ecoloxía e Bioloxía Animal da 
Universidade de Vigo. 
Dende a miña chegada ao laboratorio, tiven a oportunidade de continuar cun traballo que se 
comezara algúns anos antes sobre o estudio da vía detritívora en pequenos ríos forestados. 
Naquel entonces, soamente tiña unha idea de onde me estaba a meter, pero estaba animada 
coa oportunidade de investigar estes ecosistemas típicos da paisaxe galega. ¿Por qué non 
facer unha tese doutoral sobre este tema? Gustoume a idea. Así, durante a miña “estadía” 
neste equipo de investigación levei a cabo diferentes estudios que son os descritos ao longo 
da presente tese. 
A primeira parte do traballo foi o estudio destes ecosistemas baseados no detrito e a súa 
variabilidade estacional. Xa que os pequenos ríos forestados dependen en grande medida 
das entradas de materia orgánica alóctona dende a vexetación de ribeira, tratei de 
comprender as relacións recurso-consumidor, examinando a dinámica dos paquetes de 
follas, que a miúdo aparecen coma acúmulos no leito do río, e a comunidade de 
invertebrados asociados aos mesmos. Con esta finalidade, incubáronse paquetes de follas 
baixo diferentes condicións climáticas (en función da variabilidade estacional). As follas 
empregadas neste experimento (e nos outros experimentos presentados nesta tese 
doutoral) diferiron en canto ás súas propiedades físico-químicas (características ou trazos 
particulares de cada folla) e á súa orixe (nativas e non-nativas). Todos os estudios incluíron 
follas de eucalipto, xa que é unha árbore introducida de forma maioritaria en Galicia. Os 
resultados obtidos neste primeiro traballo amosaron que i) a variabilidade estacional, ii) o 
recurso alimenticio/habitat, e iii) os consumidores poden determinar o funcionamento 
destes ecosistemas, en termos de produción secundaria. Unha vez me decatei da dominancia 
numérica dunha única especie de invertebrado (Brillia bifida (Kieffer, 1909); Chironomidae, 
Diptera) nos paquetes de follas, decidín levar a cabo novos estudios baixo condicións 
controladas no laboratorio. ¿Cal é o tamaño do seu corpo e a súa biomasa? ¿Cando emerxen 
os adultos? ¿Cómo inflúen a temperatura e a calidade do alimento no seu crecemento? Eran 
as preguntas que xurdiron cando comecei a estudiar o ciclo de vida de B. bifida. Despois de 
realizar diferentes experimentos no laboratorio, ámbolos dous factores resultaron ter unha 
grande influencia sobre o ciclo de vida desta especie. Os parámetros fisiolóxicos e do 
desenvolvemento desta especie parecían variar en grande medida segundo os diferentes 
tratamentos aplicados. Polo tanto, deseñei un último experimento, que incorporaba unha 
aproximación estequiométrica, para coñecer cómo estes factores afectaban á biomasa, ao 
  x 
crecemento e ao contido elemental das larvas, e apreciar así a súa importancia no control 
destes ecosistemas. 
Xa que esta especie parecía ter unha importancia funcional nos ecosistemas baseados no 
detrito, marchei á Columbia Británica (Canadá). O doutor John Richardson publicara un 
artigo uns cantos anos antes, no cal explicaba o ciclo de vida dunha especie conxénere á 
existente nos ríos de Galicia, e que parecía ter o mesmo papel no ecosistema. Durante a miña 
estadía alí, realicei unha incubación de follas en canles experimentais. O primeiro obxectivo 
foi reproducir a colonización de follas por parte dos invertebrados acuáticos, en incubacións 
análogas ás realizadas en Galicia. Atopeime cunha importante dominancia de invertebrados, 
sobre todo daquelas especies pertencentes ao xénero Brillia, aínda que neste caso a especie 
era B. retifinis. Ademais, obtiven resultados semellantes aos atopados en Galicia, en canto á 
preferencia polos diferentes tipos de recursos alimenticios, xunto con interesantes patróns 
de colonización dos paquetes de follas e de emigración dos mesmos.  
Finalmente, xuntei todos os datos compilados durante a primavera e verán nestas dúas 
zonas xeográficas (experimentos de campo de Galicia e Vancouver) para deste xeito, facer 
unha comparación entre estes ecosistemas baseados no detrito dentro da mesma escala do 
clima temperado, e discernir un patrón xeral para as comunidades de invertebrados que 
habitaban os paquetes de follas.  
En todos os capítulos desta tese remárcase o impacto negativo que as plantacións de 
eucalipto poden ocasionar nestes ecosistemas. Aínda que hoxe en día é imposible erradicar 
o eucalipto da paisaxe galega, este estudio pretende ser unha chamada á protección dos 
ecosistemas, de forma que se manteña o seu funcionamento natural. 
A presente tese consta dunha introdución que está seguida de dúas seccións principais, 
presentadas dende o nivel ecosistema ata o nivel de especie, e estruturadas en cinco 
capítulos. A Introdución aproxímanos ao mundo da ecoloxía dos pequenos ríos forestados, 
mediante a descrición dos seus principais compoñentes (é dicir, hábitat, recursos e 
consumidores), e salienta aqueles factores que teñen o potencial para controlalos. Esta parte 
inclúe unha revisión bibliográfica do tema, as áreas de estudio e as especies de interese, e 
ademais describe os principais obxectivos da tese. Polo tanto, serve como base para a 
comprensión do presente traballo. Cada Sección Principal contén as diferentes 
investigacións realizadas ao longo da tese polo que aparecen separados en capítulos 
individuais. Cada capítulo preséntase en forma de artigos científicos, motivo polo cal foron 
redactados en inglés, e remata coas conclusións máis relevantes atopadas en cada estudio. 
 
Finalmente, a tese conclúe con todas as Conclusións obtidas nos traballos anteriores, e 
ademais preséntase un Resumo Xeral da tese, redactado integramente en galego, para 
cumprir co regulamento de estudios de posgrao da Universidade de Vigo (18/06/2004), no 
referente ao idioma da tese. A continuación, preséntanse uns apéndices nos que se 
proporciona diferente información relacionada coa investigación levada a cabo. 
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PREFACE 
 
The present thesis entitled “Detritivore pathways of forested headwater streams. The role of a 
dominant species in the ecosystem”, focuses on the study of the structure and functioning of 
small forested streams under temperate climates. This thesis was inspired by previous 
research addressing litter inputs and the in-stream decay of leaf species with different 
nutrient contents in a Galician stream. I performed in-stream experiments in Galicia (NW 
Spain) and in the Malcolm Knapp Research Forest in the British Columbia (SW Canada), and 
I conducted the laboratory experiments at the Department of Ecology and Animal Biology of 
the University of Vigo.  
Since my arrival at the laboratory, I have had the opportunity to continue the work started 
some years ago by the research team of Dr. Isabel Pardo: the study of detritivore pathways 
in forested headwaters. At that time, I had an initial idea of what I was getting into, but I was 
excited with the possibility to investigate these amazing ecosystems, that cover the Galician 
landscape. Why not do a doctoral thesis on this topic? I liked the idea. Therefore, I have 
performed different studies during my stay in this research team, which are described in the 
present thesis. 
The first part of the work was the study of these detritus-based ecosystems and its seasonal 
variability. Since forested headwater streams are strongly dependent on the allochthonous 
inputs of organic matter from the riparian vegetation (i.e., stream-riparian linkage), I tried 
to elucidate resource-consumer relationships by relating leaf packs dynamics with their 
associated invertebrate community. Leaf packs were incubated under different seasonal 
environmental conditions. Leaves differed in its physicochemical properties (leaf traits) and 
origin (native vs. exotic). All studies of the present thesis included eucalyptus leaves since it 
is the most common tree introduced in Galicia. The results obtained from this first work 
showed that i) seasonality, ii) food resource/habitat, and iii) dominant consumers may 
influence the invertebrate secondary production derived from leaf packs in these 
ecosystems. Later, after realizing the numerical dominance of a single invertebrate species 
(Brillia bifida (Kieffer, 1909); Chironomidae, Diptera) in colonizing and processing the leaf 
packs, I approached experimental studies at the species level under laboratory conditions. 
How does body size and biomass change during growth? How much time does it takes to 
emerge? How does temperature and food quality in terms of nutrients influence growth? 
Those were my questions when I initiated the study of B. bifida’s life cycle. Both factors 
showed to be influential in the life cycle of this dominant species. So, I designed another 
similar experiment complemented by a stoichiometric approach. Once I realized the 
important role of this single species to the Galician forested headwaters, I went to the 
British Columbia (Canada). Dr. John Richardson had authored an article, describing the life 
cycle of a congeneric species, that I hypothesized should have a similar role to B. bifida in the 
ecosystem. There, I conducted a fieldwork experiment with leaves incubated in 
experimental channels. The first objective was to reproduce the colonisation of leaves by B. 
retifinis and other invertebrates, in similar native and exotic leaf materials to Galician in-
stream incubations. I found similar overwhelming dominance of this congener species and 
  xii 
differences between leaf material preferences, coupled with colonisation and drift 
evidences. Finally, I joined both databases compiled from these two geographical sites (field 
experiments from Galicia and Vancouver) under similar environmental conditions of spring-
summer to elucidate if general patterns in the leaf packs colonisation of invertebrates were 
common at broader spatial scales corresponding to temperate climate. Along the chapters of 
the PhD it is suggested the negative impact that eucalyptus plantations can exert on 
detritus-based ecosystems. Being realistic, it would be impossible to eradicate the 
eucalyptus plantations from the Galician landscape, but I stress the importance of 
preserving natural riparian-stream environments (tree native species, riparian shaded 
corridors), to maintain the natural functioning in these detritus-based streams. 
The present thesis consists of an introduction that is followed by 2 main sections, which are 
presented from the ecosystem to the species level, and structured in chapters. The 
Introduction brings us closer to the world of the ecology of headwater streams by 
describing the main components of these ecosystems (i.e., habitat, resources and 
consumers), and highlighting those factors that have the potential to control them. It 
includes a bibliography review on the thesis subject, the study area, the species of interest 
and it also describes the main objectives of the thesis. Therefore, it provides a general 
background to follow the research line that ties the structure of the thesis. Each Main 
Section includes all the specific research carried out, separated in individual chapters, 
which have been structured as scientific papers. For this reason these chapters are written 
in English.  
Finally, the thesis concludes with the General Conclusions achieved in this work, and with 
a General Summary that has been written entirely in Galician to meet the norms of the 
University of Vigo (18/06/2004) in relation with the submission and the language of PhD 
thesis. Then, it includes some appendixes in which different information related with this 
PhD is included. 
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Esta tese inclúe cinco capítulos que conteñen a información de catro artigos científicos. Na 
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I. García L, Pardo I. Influencia da calidade da folla nunha base temporal, no ciclo de 
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enviouse á revista Hydrobiologia. 
II. García L, Richardson JS, Pardo I. A calidade da folla determina a colonización e 
emigración dos invertebrados nun río forestado chuvioso do clima temperado. É o 
resultado do estudio exposto no segundo capítulo. Este capítulo enviouse á revista 
Canadian Journal of Fisheries and Aquatic Sciences. 
III. García, L, Pardo I, Richardson JS. Patróns conxéneres na descomposición da follaxe 
en dous ríos forestados dentro dun clima temperado. Coma resultado da 
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IV. García L, Pardo I. Respostas fisiolóxicas dun esmiuzador acuático dominante fronte 
un recurso alimenticio non óptimo afectadas pola temperatura. Representa o 
último capítulo desta tese. Este capítulo enviouse á revista Aquatic Sciences. 
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Papers Included 
This thesis consists of five chapters that correspond to four scientific papers. Nowadays, 
these articles have been submitted to various international journals for their publication. 
The updated version of them is presented in this document. Therefore, the present work is 
based on the following list of papers: 
I. García L, Pardo I. Leaf quality influences on a temporal basis on the life history and 
secondary production of a detritivorous chironomid. It contains the studies that 
are explained in the first and fourth chapter of this document. This chapter was 
submitted to Hydrobiologia. 
II. García L, Richardson JS, Pardo I. Leaf quality influences invertebrate colonisation 
and drift in a temperate rainforest stream. It is the result of the study described in 
the second chapter. This chapter was submitted to the Canadian Journal of Fisheries 
and Aquatic Sciences. 
III. García, L, Pardo I, Richardson JS. Congeneric patterns in litter breakdown in two 
temperate forested headwaters. It is the result of the study described in the third 
chapter. This chapter will be submitted to an international journal as soon as 
possible. 
IV. García L, Pardo I. Physiological responses of a dominant freshwater shredder to a 
sub-optimal food resource influenced by temperature. It represents the last 
chapter of the present thesis. This chapter was submitted to Aquatic Sciences.  
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INTRODUCTION AND OBJECTIVES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“If we do not develop a strong theoretical core that will bring all parts of ecology back 
together, we shall all be washed out to sea in an immense tide of unrelated information”  
(Watt 1971)
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Ecological framework 
Rivers and streams are very complex systems, highly dependent and interrelated with the 
processes that occur in the catchment (Vannote et al. 1980). River systems can be studied 
through spatial scales, ranging from the individual particle (microhabitat) to the entire 
drainage basin (catchment), and over equally broad temporal scales (Fig. 1). This spatio-
temporal framework is important for the biota since benthic species have different 
preferences for particular ranges of temperature, pH, current velocity, food availability and 
habitats or types of substrata (Covich et al. 1999), being simultaneously influenced by the 
seasonality (Hynes 1970). Therefore, lotic communities are structured as nested hierarchies 
forcing or constraining the stage below it (Frissell et al. 1986).  
 
Figure 1. The spatiotemporal scaling of riverine food webs. Solid double-headed arrows 
indicate the typical spatiotemporal limits of scientific studies; and dashed arrows 
indicate rarer instances, where these limits are exceeded (from Woodward and Hildrew 
2002). 
The structure and functioning of a stream is influenced by interactions between 
hydrological, geomorphological and biological processes that range from hillslopes to river 
channels and from terrestrial to aquatic environments (Townsend and Hildrew 1994; Allan 
1995; Gomi et al. 2002; Woodward and Hildrew 2002).  
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Inputs of matter (and energy), its retention within the ecosystem, and its dissipation to the 
atmosphere are governed by the laws of thermodynamics. Streams are open systems due to 
the downstream flow of the water. This unidirectional flow is what distinguishes rivers and 
streams from other aquatic environments. Processes that structure communities in flowing 
waters often occur on spatial and temporal scales that permit direct observation and 
manipulation, and thus a more feasible study (Power et al. 1988). By focusing on the idea of 
continuous movement, it was developed the concept of the stream as a continuum (River 
Continuum Concept, Vannote et al. 1980). This concept emphasizes the importance of the 
resource base for trophic organisation and the linkage between species assemblages at 
sequential locations downstream. According to this concept, it can be explained how 
physical and biological properties change downstream in natural conditions, and also to 
distinguish “zones” or “reaches” (but not individual compartments, Fig. 2) to achieve a 
better understanding of stream processes: 
 Upstream or Headwater stream (high reach). Heterotrophic systems strongly 
influenced by riparian vegetation, which contributes with large quantities of 
allochthonous inputs (i.e., terrestrial origin) and where the shading limits autotrophic 
production. These allochthonous inputs represent the coarse particulate organic 
matter (CPOM) which will be later processed. 
 Mid-stream (middle reach). Mostly autotrophic systems. Here the streams are wider 
than upstream and the relative importance of allochthonous inputs is reduced. 
Primary production is not limited and the organic matter continues in transport and 
increases to downstream. 
 Downstream (low reach). Heterotrophic systems with large inputs of fine particulate 
organic matter (FPOM) originated in the upstream processing of the leaf litter. The 
effect of riparian vegetation in these reaches is insignificant, and the primary 
production is limited by turbidity and depth. 
The River Continuum Concept (RCC) was the first unified hypothesis on river functioning. 
However, later studies showed that lateral connections (riparian), vertical connections 
(hyporheic) or anthropogenic perturbations (dams, reforestations, cut downs, floods…) 
could be seen as limitations to this concept. In fact, Statzner and Higler (1985) proposed 
some modifications to the RCC, and new concepts emerged to account for such 
irregularities, such as “Serial Discontinuity Concept” (Ward and Stanford 1983), “Flood Pulse 
Concept” (Junk et al. 1989), “Patch Dynamics Concept” (Townsend 1989), and “Hyporheic 
Corridor” (Stanford and Ward 1993).  
The spatial and temporal variability of light, nutrients and temperature determines the 
balance between heterotrophy and autotrophy on rivers and streams (Cummins et al. 1989) 
and thus, they constitute the main control on the structure and functioning of food webs 
(Hynes 1970; Cummins and Klug 1979; Polis and Hurd 1996), influencing on the ecological 
integrity of the ecosystem (Minshall 1996). 
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Figure 2. A generalized model of the shifts in the relative abundances of invertebrate 
functional groups along a river system from headwaters to the mouth as predicted by 
the river continuum concept (RCC; e.g., Vannote et al. 1980). 
Small coastal forested streams: a detritus-based ecosystem 
Many headwater streams from coastal temperate areas are forested, strongly influencing 
light availability (and thus water temperature) and litter inputs. Since much of the energy 
that support invertebrates in these ecosystems derives from non-living sources of organic 
matter or detritus (Fisher and Likens 1973; Allan 1995), these pathways are referred as 
detritivore or heterotrophic pathways. They have their food base in the non-living 
organic matter and they partly depend on consumers for its breakdown to release its stored 
energy. These consumers are microorganisms (i.e., fungi and bacteria) and invertebrates, 
denoted as “decomposers” and “detritivores”, respectively.  
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Given this strong dependence from allochthonous litter as resource, nutrients and habitat 
(Vannote et al. 1980; Wallace et al. 1997, 1999), consumers depend upon resource subsidies 
(i.e., flows of biologically fixed energy and nutrients from one ecosystem to another), which 
are the key processes across ecosystem boundaries that link adjacent systems (Richardson 
et al. 2010). This stream-riparian linkage has been recognized as one of the basic tenets of 
stream ecology during the last decades and it has been used as a central theme to develop 
hypotheses on structure and functioning of lotic communities (Cummins et al. 1989; Polis et 
al. 1997; Wallace et al. 1997).  
 
Figure 3. A schematic illustration of some of the major flows of biologically fixed energy 
across the stream-terrestrial interface and along the stream network. Widths of arrows 
do not imply magnitudes of fluxes (from Richardson et al. 2010). 
Riparian zones are constituted by a diverse mosaic of landforms, communities and 
environments that serve as a framework to understand the organisation, diversity and 
dynamics of communities associated with aquatic ecosystems (Naiman and Décamps 1997). 
The riparian zone is the site where many linkages occur between terrestrial and aquatic 
ecosystems, such as: i) inputs of coarse debris and fine leaf litter, ii) retention of nutrients, 
sediment and energy (i.e., buffer strips), iii) water quality and transpiration, iv) bank and 
shoreline stabilization, and v) animal habitat (Fig. 3). As a consequence, riparian zones 
should be properly conserved and managed to maintain the ecological integrity of these 
ecosystems.  
GENERAL INTRODUCTION 
7 
Resource supply in a detritus-based stream 
The riparian vegetation is considered an important source of detritus to aquatic 
ecosystems. Detritus is a source of energy originated from two possible sources: 
autochthonous inputs generated within the ecosystem (e.g., in-stream primary products, 
dead biomass), and allochthonous inputs generated outside the stream channel (e.g., 
different types of plant tissue, such as leaf litter). Detritus are habitats that modify their 
physical structure and conditions through decomposition or processing (Moore et al. 2004).  
The amount of detritus entering streams varies considerably (Benfield 1997; Moore et al. 
2004) due to the riparian vegetation and it is dependent on climate, type of soil, 
physicochemical properties and morphological characteristics of the streams (Webster and 
Benfield 1986; Boulton and Boon 1991; Gessner et al. 1999; Abelho 2001; Aber and Melillo 
2001; Graça 2001). 
In forested headwaters from temperate zones, the coarse particulate organic matter (CPOM) 
entering from the annual leaf fall represents the most important energy input (Fisher and 
Likens 1973). This seasonal timing of detrital materials (i.e., resource quantity) is one of the 
main factors influencing the structure and functioning of these ecosystems (Fisher and 
Likens 1973; Vannote et al. 1980; Cummins et al. 1989; Richardson 1991; Wallace et al. 
1997; Hall et al. 2001). Moreover, the effect of physicochemical properties of these leaves 
(e.g., resource quality) has been extensively studied as one of the main factors determining 
ecosystem processes (Kaushik and Hynes 1971; Aber and Melillo 2001; Graça 2001; Moore 
et al. 2004). In particular, differences in leaf traits may determine the food quality for 
detritivores (Graça 2001), and hence influence the abundance and composition of 
macroinvertebrates associated with leaf litter (Leroy and Marks 2006). From previous 
studies, some leaf properties, such as C:N ratio, lignin and nutrient content, are considered 
useful predictors of the resource quality (Moore et al. 2004; Hladyz et al. 2009). In addition, 
ambient nutrient concentrations can alter microbial activity, leading to changes in 
breakdown rate and nutritional quality for invertebrate consumers (Suberkropp and 
Chauvet 1995; Grattan and Suberkropp 2001; Rosemond et al. 2002; Gulis and Suberkropp 
2003). 
Decomposition process1 
Once the leaf litter enters streams as CPOM it is initially colonized by fungi (mostly aquatic 
hyphomycetes) and bacteria, which favours the entrance of enzymes to decompose the 
CPOM. The molecules of carbon (C) are small and labile, with greater energy (e.g., sugar) and 
thus breakdown easily, while other components are more recalcitrant (e.g., cellulose, 
hemicellulose, lignin and tannins) and have complex tridimensional structures, which only 
can break through specialised enzymes (Sinsabaugh et al. 1993). 
The fate and processing of CPOM is well known for autumn-shed leaves (Webster and 
Benfield 1986; Boulton and Boon 1991). However, other detritus sources, such as 
macrophytes, woody debris, and other plant parts (flowers, fruits, pollen) or animal inputs 
                                                          
1  See Appendix III: Glossary for related words. 
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(faeces and carcasses) can also be locally or seasonally important, though they have been 
less studied (Allan 1995). We can distinguish three phases in the leaf decomposition 
process (Fig. 4): 
1. Leaching. Leaves that fall directly or are windblown into streams commence to leach 
soluble organic and inorganic constituents. This process starts in the tree and 
supposes a rapid loss over the first 24 hours followed by a gradual decline for an 
extended period. In particular, the nitrogen (N) is not generally leached upon the leaf 
senescence and death, whereas a large fraction of phosphorous (P) is rapidly leached 
from dead leaf litter, though it may be retrieved before leaf abscission (Gessner 1991). 
2. Microbial colonisation. Leaves are colonized by aquatic microbes (i.e., fungi and 
bacteria) within a few days of deposition in freshwater. This process promotes 
changes in leaf condition (also denoted as conditioning). Fungi, mostly aquatic 
hyphomycetes, are considered the main decomposers of leaf litter in streams 
(Bärlocher 1992; Suberkropp 1992; Gessner et al. 1997; Hieber and Gessner 2002). 
3. Physical and invertebrate fragmentation. Finally, leaf fragmentation is influenced by 
the water flow and invertebrate activity, though it usually requires an initial leaf 
microbial conditioning.  
 
From a chemical point of view, detritus are not stable resources (Heard 1994; Moore et al. 
2004). During the leaf processing, the C is lost through microbial respiration and leaching of 
water-soluble organic substances. Meanwhile, N and P concentration may increase, due to 
microbial colonisation and thus enhance the nutritional quality of leaf litter for detritivores 
(Webster and Benfield 1986; Gessner 1991; Gessner et al. 1999), or decrease (Meyer and 
Johnson 1983). At the end of the decomposition process, much of the initial CPOM results in 
fine and dissolved particulates (FPOM and DOM, respectively) and culminates in a limited 
number of possible fates: mineralization, storage and export (Fig. 4).  
In short, decomposition is an integrative ecosystem-level process, since it represents a 
sequence of changes in the resource condition (i.e., upstream-downstream). It seems that 
slow decomposition of detritus stabilises ecosystem energetics (Wetzel 1995), since it is 
linked to other ecosystem processes, such as the carbon cycle, nutrient spiraling and energy 
transfer by ensuring the transfer of leaf carbon and nutrients toward higher trophic levels 
(Webster and Benfield 1986; Wallace et al. 1997; Gessner et al. 1999; Wallace et al. 1999; 
Graça 2001). 
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Figure 4. The processing sequence for a medium-fast deciduous tree leaf in a temperate 
stream (from Allan 1995). 
Petersen and Cummins (1974) described a continuum of decomposition (from slow to fast 
rates), denoted as processing continuum, which had important consequences for 
invertebrate consumers. Later, Webster and Benfield (1986) showed that a simple 
exponential model2 provided a general and useful description of the breakdown process by 
which, the leaf mass loss over time is approximately log-linear. Nevertheless, sometimes 
there are better fitting models than the simple exponential model (Motulsky and 
Christopoulos 2003).  
As mentioned previously, the distribution of leaf detritus along the streambed directly 
influences the distribution of invertebrate population. Some studies assessing the 
colonisation of leaf detritus have found higher abundances of invertebrates during 
intermediate incubation stages, and lower taxa richness and density in advances stages (e.g., 
Gessner and Dobson 1993), following the general patterns of degradative ecological 
succession.  
In general, resource availability, in both terms of quantity and quality, is especially 
important to the life cycle phenology and population dynamics of species which consume 
detritus (Richardson 1991; Whiles and Wallace 1997; Graça and Canhoto 2006; Richardson 
2001).  
                                                          
2
 Simple exponential model describing the breakdown process: Wt =Wi × e (-k × t), where Wt = dry mass 
at time t, Wi = initial dry mass, and t is measured in days. The statistic k (days-1), which is the slope 
of the plot of loge of leaf mass vs. time, provides a single measurement of breakdown rate. 
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Consumers in a detritus-based stream 
Decomposers and detritivores cannot control the rate at which their resources are available 
or regenerate since they are dependent on riparian inputs (i.e., donor-controlled systems). 
Although decomposers are determinant to the processing of detritus, the present thesis is 
mainly focused on intermediate consumers, especially invertebrates that feed directly on 
coarse particulate organic matter (shredders, Cummins and Klug 1979), which play a 
fundamental role in organic matter breakdown and energy transfer (Petersen and Cummins 
1974; Webster and Benfield 1986; Graça 2001). 
Each consumer species has to utilise and/or specialise in a resource in different conditions, 
thus consumers are affected by resources that they obtain, and by conditions in which they 
live (Fig. 5). Furthermore, consumers may influence the rate at which resource is 
transformed (Heard and Richardson 1995). Hence, in detritus-based ecosystems there is a 
simultaneous control by resources (i.e., bottom-up) and consumers (i.e., top-down) (Wallace 
et al. 1999; Rosemond et al. 2001).  
Resource condition 1 
(upstream condition)
Resource supply
Species 1 
(upstream condition)
Resource condition 2 
(downstream condition)
Species 2 
(downstream condition)
Resource
loss
Resource
loss
Consumer-
independent 
processing
Consumer-
dependent 
processing
Consumption
 
Figure 5. A general processing chain showing the flow of resources between 
compartments. The availability of a resource changes through the detritus processing, 
and is also influenced by consumers feeding on them (adapted from Heard 1994). 
In temperate streams, where the annual temperature range usually varies between 0-25ºC, the
decomposition process takes place mostly during cold seasons by following the autumnal leaf-
fall and continues during the winter time (Graça and Canhoto 2006). This introduces a large
component of seasonality by which the length of species life cycles associated to detritus may be
synchronized with the resources abundance (Petersen and Cummins 1974; Richardson 1991;
Grubbs and Cummins 1996).
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Detritivore consumers quickly respond to aggregations of feeding resources, turning leaf 
detritus patches into “hotspots” or “islands” with a great abundance of organisms (Wallace 
et al. 1997; Kobayashi and Kagaya 2005). The utilization of a food source serves to define a 
species niche and to measure resource partitioning (e.g., Benke and Jacobi 1994). By 
estimating secondary production (i.e., formation of heterotrophic biomass through time) it 
is possible to estimate the intensity of this utilization, and also to obtain a general 
measurement of the population´s success, because it is composed by components such as 
density, biomass, individual growth rate, reproduction, survivorship and development time 
(Benke 1993). 
Many ecologists have focused on evaluating resource quantity and how seasonal inputs 
influence the food web dynamics (Richardson 1991; Polis et al. 1997; Takimoto et al. 2002; 
Richardson et al. 2010), and have observed the effect on consumers (Wallace et al. 1999). 
However more specific studies, as those included the present thesis, focusing on the 
variation in litter quality are less frequent (Swan and Palmer 2006).  
Life history of aquatic insects 
Following previous paragraphs, we observed that there are many factors in natural 
ecosystems that may influence ecosystem processes, and also regulate the occurrence and 
distribution of stream invertebrates (i.e., biotic and abiotic). Many lotic insects, fish and 
plants use combinations of light, food types, temperature and flow level as cues for their life 
history events. The knowledge of the life history is important to achieve a better 
understanding of the ecosystem structure and functioning. Organisms generally perform 
best within the subset of factors that corresponds to where they are found (i.e., its ecological 
niche).  
The time that an individual takes to complete its development is a function of combined 
environmental conditions such as temperature, food availability and photoperiod, and it is 
also genetically determined by physiological processes (Sweeney and Vannote 1984). The 
life cycles of aquatic species are classified with base on the number of generations produced 
in a year (i.e., voltinism). For example, many species have a single generation each year, 
other species have clearly defined annual generations and overlapping ones, other species 
are always present, and there are also groups that have two generations per year or even 
life cycles exceeding a year in length. Interestingly, only a small proportion of the 
invertebrate benthic fauna is multivoltine, though some of these animals are important 
members of the aquatic community (e.g., Baetis, Simulium and many Chironomidae). 
The present thesis is focused in small forested streams from temperate areas. In these 
ecosystems, water temperature (includes effects of season), food resources, and species 
interactions are considered the most important factors controlling the life histories of 
aquatic insects (Fig. 6). Throughout the thesis I will focus on reviewing and studying these 
influences and their interactions.  
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Figure 6. A simplified view of a food web in a detritus-based stream. Energy input 
includes fallen leaves (subsequently colonised by the decomposer community), DOM 
and FPOM as external upstream sources. Temperature and food quality are represented 
as the most important factors affecting the life histories of consumers, and thus the food 
web. 
I will briefly describe the potential effects of these factors on the life histories of aquatic 
insects to introduce the following chapters of the present thesis. 
o Effects of temperature on life history of aquatic insects 
The importance of temperature in the life histories of temperate benthic insects has been 
extensively studied (e.g., Newell and Minshall 1978; Vannote and Sweeney 1980) and 
reviewed for many years (e.g., Ward and Stanford 1982; Sweeney 1984). Temperature is an 
important direct control on the growth and development of individuals, through its 
influence on metabolic processes.  
In general, invertebrates may be synchronized with the season (i.e., combination of factors). 
Indeed, Hynes (1970) distinguished among different life cycles based on that statement: 
non-seasonal, slow seasonal and fast seasonal. However, each specific organism responds in 
a particular way to temperature changes. For example, a particular life stage may exhibit 
temperature thresholds below or above which the development does not occur (Tauber and 
Tauber 1976), but other life stages may not have the same thresholds. Therefore, the 
temperature effect can be overviewed through different stages of the life history of aquatic 
insects such as egg, larva, pupa and adult (Williams and Feltmate 1992).  
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Egg 
Temperature may influence the incubation period, hatching success and diapause3, as 
stated in many studies: 
 Eggs of some species show flexibility regarding to different temperatures 
among habitats, which may result in locally-adapted populations (i.e., 
"ecotypes", Humpesch 1980).  
 Duration of egg stage is often inversely related to temperature in non-
diapausing species (Humpesch and Elliott 1980). 
 Hatching success is often high at intermediate temperatures, but falls near the 
upper and lower thresholds (Brittain 1977). Eggs may hatch sooner under diel 
cycles of temperature than in habitats with constant temperatures (Humpesch 
1978). 
 Frequently seasonal temperature changes may terminate in diapause (Ward 
and Stanford 1982). 
 Recently, Gillooly et al. (2002) predicted the time of ontogenetic development as 
a function of body mass and temperature in a model approximately invariant 
and common to all organisms. 
Larva 
Temperature influences larval growth and development through feeding rates, 
assimilation efficiencies and eggestion rates. Indeed, these parameters are often a 
function of temperature (see references in Scriber and Slansky 1981; Ward and 
Stanford 1982). Some interesting results achieved from previous studies are: 
 At higher temperatures, larvae usually develop faster because of the increased 
metabolism and decreased time spent in each larval instar or even reduced 
number of instars.  
 As temperature increases, performance rates (e.g., consumption, growth, 
respiration) tend to increase to a peak, and then decline. 
 Ingestion rate usually increases with increasing temperature, though a decrease 
may occur due to temperature thresholds within species.  
 In some species, assimilation efficiency decreases as ingestion rate increases. 
 
Nowadays, larval body size and temperature are topics of particular interest for 
freshwater ecologists (Hildrew et al. 2007). 
 
                                                          
3 Diapause allows lotic insects to avoid temperature extremes and to fit the hatching time with food 
inputs or flood/drought events (see also Appendix III: Glossary). 
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Pupa/ Adult emergence 
The timing and duration of emergence of aquatic insects involves responses 
temperature-dependent, which often interact with photoperiod (see references in 
Ward and Stanford 1982). Some responses collected from the literature are: 
 Increasing water temperature usually results in early emergence, whereas 
decreasing temperature delays emergence. 
 Optimal temperatures for high larval growth rates may be suboptimal for 
growth efficiency, emergence success or adult longevity. 
 Although the temperature variation between-years in a single habitat may alter 
the time of emergence, it does not alter the sequence in which species emerge. 
Adult size and fecundity 
According to the thermal equilibrium hypothesis (Vannote and Sweeney 1980), if the 
thermal regime is optimal, both adult body size and fecundity will be maximized, and 
this fact may affect the competitive potential of populations. 
 Adult longevity is, in part, determined by the thermal experience of immature 
stages, and also by the air temperatures to which the adults are exposed. 
 In multivoltine species, seasonal temperature differences may produce larger 
adults in winter cohorts if compared them with smaller adults during summer. 
However, it is not clear whether these differences are promoted through direct 
changes (e.g., physiology and/or developmental processes), or indirect changes 
(e.g., alteration of food type or quantity, habitat). 
 Considerable intra-specific variation exists in adult size of many aquatic species, 
probably due to the fact that growth and development are not equally affected 
by temperature changes. 
 
Some of these responses during larval, pupal and adult stages will be obsrved in the Section 
II of the present thesis. Moreover, it will be necessary to make estimates of a combination of 
different growth-developmental parameters (e.g., growth rate, body size and emergence 
time) to understand invertebrate responses. 
o Effects of food on the life history of aquatic insects 
The food potentially available to freshwater insects varies from that which is easily 
assimilated (e.g., algal and animal tissues) to that which requires considerable processing 
before yielding any nutrients (e.g., wood). As highlighted in the previous paragraphs, the 
availability of food is another obvious factor controlling the occurrence and abundance of 
species, and also influences the life history traits. The amount, rate and quality of food 
consumed by a larva influence its performance by affecting other parameters such as 
growth rate, developmental time, final body weight, dispersal ability and survival 
probability (Slansky and Scriber 1985).  
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Some responses collected from the literature are: 
 If food levels are reduced, the length of larval period may be prolonged, and 
thus pupation and adult emergence may be delayed. 
 Changes in diet may affect growth rates, and thus the voltinism, size at maturity 
and fecundity of a species. 
According to this review, individual life history parameters, such as body size and growth 
rate, are frequently studied to understand the effect of temperature and food quality to 
outline further ecological consequences (Fig. 7).  
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Figure 7. Some life history parameters of aquatic insects that are typically influenced by 
changes on temperature and food quality (e.g., development time, size, growth rate, 
elemental content). 
In short, the annual temperature regime and the quantity/quality of the available food in a 
stream are predicted to be the most important factors controlling the life history of aquatic 
insects (Sweeney 1984). In some species, temperature seems to be more important in 
determining individual parameters than changes in food (i.e., quantity and quality). 
However, limits imposed by food quality may be exceeded if the temperature rises, or even 
can override temperature effects (Scriber and Slansky 1981). A direct relationship is needed 
to disentangle these complex relationships (Raffaelli et al. 2002). Nevertheless, it is difficult 
to separate temperature and food effects, because both factors can influence organism's 
metabolism processes and rates (Anderson and Cummins 1979; Sweeney and Vannote 
1986), except under controlled experiments as those carried out in the present thesis (see 
the Section II). 
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o Effects of species interactions 
So far I have been outlined the influence of some environmental factors (e.g., temperature 
and food supply) on the life cycles of species, but there are biological interactions that may 
affect the assemblage of co-occurring species which cannot be ignored (Power et al. 1988; 
Allan 1995). Most biotic interactions are two-way, so each species causes and receives 
effects. Therefore, it is important to discern between intra- or inter-specific relationships.  
The most important effects observed from species interactions are effects on population 
size, on population growth rate, and on individual fitness. When individuals have similar 
requirements for survival, growth and reproduction, two situations may occur: 
competition or coexistence. 
Competition may be defined as an interaction in which one important property in each species 
is reduced or as an interaction in which each species affects to the other by consumption of a 
commonly-used set of resources. 
Apparent competition refers to the situation in which two or more species interact through a 
shared enemy. Competition and predation may also interact and they may be difficult to 
distinguish. 
Coexistence The coexistence of one species with another is the fact that they exist together at 
the same time or in the same place. 
Trophic-mediate interactions or “leap-frog effects” occur when two species on non-adjacent 
trophic levels produce effects on one another through its effects on the behavior of a species on 
an intermediate trophic level.
 
Trade-offs: looking for an optimal balance 
According to the environmental heterogeneity that exists in natural environments and 
which I have described in previous paragraphs, organisms have to look for an optimal 
balance. Organisms regulate their internal elemental contents regarding to the available 
elemental supply (Sterner and Elser 2002) to achieve an optimal balance and continue their 
existence on a habitat. This optimal balance is frequently obtained through organismal 
homeostasis of its elemental content, which is largely controlled by many physiological 
processes that regulate the acquisition (i.e., elemental uptake), incorporation, and 
release/storage of resources (Fig. 8). 
 Acquisition of resources. Organisms are able to assess their nutritional state and 
that of their food source by using physiological mechanisms (e.g., ingestion rate and 
feeding selectivity), and regulating the nutrient uptake (Slansky and Scriber 1985), by 
using their hemolymph composition or by using specific chemoreceptors. 
Furthermore, organisms may use post-ingestive processes to regulate the relative 
acquisition of biochemicals and elements (Frost et al. 2005). 
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 Incorporation of resources. The assembly of new biomass in metabolic components, 
body structure, and reproductive tissues is a key process underlying the organismal 
fitness, which depends on the elemental content. In that way, the growth-rate 
hypothesis (GRH, Elser et al. 1996) predicts that organisms differ in body P content 
due to their requirements of P-rich ribosomal RNA that support protein synthesis and 
organismal growth (Sterner and Elser 2002). 
 Release and storage of resources. The mode of physiological regulation employed 
by an organism to maintain a homeostatic elemental composition will likely affect to 
the waste products. Elemental release ratios by consumers are predicted by ecological 
stoichiometry to reflect the elemental composition of both food resource and 
consumers. Accordingly, high N:P ratios in consumers relative to their food supply 
should yield low N:P ratios in released materials (Sterner 1990; Elser and Urabe 
1999). 
These physiological processes are strongly and reciprocally influenced by elemental 
requirements of those organisms involved and the balance of chemical elements available in 
their environment (Elser and Urabe 1999; Sterner and Elser 2002). Therefore, elemental 
imbalances on organisms are frequent since they can place strong constraints on 
individual’s growth and reproduction, population dynamics, specific interactions in food 
webs and other key ecosystem processes (see Frost et al. 2005 and references therein).  
 
Figure 8. A conceptual diagram that illustrates primary processes regulating 
physiological processes of heterotrophs. Environmental factors and biological stressors 
may alter organism physiological stoichiometry by affecting metabolic demands for 
particular elements (from Frost et al. 2005). 
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The approach that analyses the constraints and consequences of mass balance of chemical 
elements in ecological processes is the ecological stoichiometry (Elser et al. 1996; Frost et 
al. 2002). This theory had been applied mainly in the study of consumer-driven nutrient 
recycling (CNR) in pelagic ecosystems (Sterner 1990; Urabe 1995), but it can be 
extrapolated to other systems such as streams (Elser and Urabe 1999, see Chapter 5).  
o Trade-offs of organisms and ecological consequences 
Since organisms have to look for an optimal balance, they are constantly making important 
ecological-decisions to maximize their individual fitness (i.e., lifetime production of 
offspring, Dill 1987). Decision making is at the core of behavioural ecology, and trade-offs 
are an important concept in this discipline. The flexibility in behaviour—as a part of the 
homeostatic mechanism of natural systems—allows individuals to adjust their behaviours 
to changing conditions, minimizing the negative effects on individual fitness and thus, the 
potential consequences for population demography (Dill 1987). Organisms should choose 
the behavioural alternative that maximizes their fitness.  
In streams, organisms frequently shift (e.g., by vertical migration or downstream drift) from 
one habitat to another, when external conditions are not appropriated. However, there are 
costs and benefits associated to any behavioural choice. These negative effects on fitness 
(e.g., growth, development) are direct results of the animal´s decision to reduce costs (e.g., 
mortality, predation risk), and may have ecological consequences such as the appearance of 
competition where none existed, the increase or reduction of competition and the 
emergence of strong interactions among species in non-adjacent trophic levels (Zaret 1980). 
The role of a dominant species 
Species are a basic component of any ecosystem, so the presence or absence of some species 
can dramatically alter ecological processes (Palmer et al. 1997; Covich et al. 1999). Since the 
present study focuses on forested headwater streams, I hypothesized that those organisms 
inhabiting and feeding on fallen leaves (i.e., shredders) would have important roles on these 
ecosystems. Indeed, though all individuals are important, Loreau et al. (2002) stated that 
ecosystem functioning is controlled by traits of the dominant resident species, and thus the 
research priority should be on these species, denoted ecological key species (see also 
Dangles and Malmqvist 2004). 
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The midges of the family Chironomidae (order Diptera, Fig. 9) are often the most 
numerically-abundant macroinvertebrates group associated with leaf detritus, and also 
account for most of the invertebrates inhabiting freshwater environments (Hutchinson 
1993).  
The Chironomidae4, commonly known as non-biting midges, is a large and cosmopolitan 
family of Dipteral nematocerans whose adults are small and delicate and superficially 
resemble mosquitoes. The chironomid larvae are diverse in form and size, but they are 
usually recognized due to the presence of anterior and posterior pairs of prolegs. Due to 
their abundance, and also the fact that they serve as prey/food for many other insects and 
for most species of fish, these larvae are an extremely important part of aquatic food chains. 
Habitat and Distribution. The distribution of chironomids extends to both the northern 
and southern limits of land, and they are the dominant group in the Arctic. As well as 
occurring in different types of freshwater habitat (streams, rivers, lakes and ponds), 
many are terrestrial or semi-terrestrial. Others live in pitcher plants, leaf axils or tree 
holes, and some are marine living in tide pools, or even on tropical coral-heads to a depth 
of 30 m. Two species are known from Antarctica and these represent the southernmost, 
free-living, holometabolous insects. 
Phylum Arthropoda von Siebold, 1845
  Subphylum Mandibulata Snodgrass, 1938
                Supercl. Insecta Linnaeus, 1758
                    Cl. Euentomata Berlese, 1909
                      Subcl. Pterygogenea Brauer, 1885
                         Infracl. Neopterata Boudreaux, 1979
                             Superord. Oligoneoptera Martynov, 1925
                                               Ord. Diptera Linnaeus, 1758
                                                  Subord. Nematocera Latreille 1825
                                                        Infraord. Culicomorpha
                                                          Superfam. Chironomoidea
                                                                    Fam. Chironomidae
                                                                       Subfam. Podonominae Tienemann, 1937
                                                                       Subfam. Tanypodinae Kieffer, 1906
                                                                       Subfam. Buchonomyiinae Brundin & Saether, 1978
                                                                       Subfam. Diamesinae Kieffer, 1923
                                                                       Subfam. Telmatogetoninae Wirth, 1949
                                                                       Subfam. Prodiamesinae Saether, 1976
                                                                       Subfam. Orthocladiinae Kieffer, 1911
                                               Brillia  spp.
                                                                       Subfam. Chironominae Macquart, 1838
 
Figure 9. Taxonomic classification of the Chironomidae family (Diptera), including a 
detailed position of the species of interest in the present thesis. 
                                                          
4 The Chironomidae Home Page http://insects.ummz.lsa.umich.edu/~ethanbr/chiro/index.html 
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Feeding. Chironomid larvae exhibit a variety of feeding habits. The majority appear to be 
opportunistic omnivores, feeding on diatoms, detritus, and other small plants and 
animals. Most of adults do not feed (Pinder 1986). Some studies, apart from the present 
one, have suggested that some Chironomidae fed on the detritus by scraping and mining 
leaf surface (Rosemond et al. 1998).  
Life history. Like other dipterans, chironomids are holometabolous insects with four life 
stages: egg, larva, pupa, and adult (Fig. 10). Adults often emerge simultaneously in huge 
numbers and proceed to form vast mating clouds. However, the Chironomidae family 
shows a great variability of life cycles. In temperate regions, many chironomid species 
showed uni-, bi- or multi-voltine life cycles, though up to four generations in a year are 
uncommon. On the other hand, those Chironomidae inhabiting in the cold, profundal 
zones of deep lakes may take more than one year to complete their life cycles, and 
circumpolar species require at least two years, and occasionally, as many as seven. In 
such long-lived species, larvae construct cocoons and overwinter under freezing 
conditions. On the contrary, in highly transient, tropical habitats, life cycles may be as 
short as a few weeks. 
Ecology. Given their abundance and feeding habits, chironomids have the potential to be 
important in ecosystem processes such as litter decomposition, maintenance of nutrient 
cycling and trophic food webs (Armitage et al. 1994). The predictable responses of 
certain species to different levels of a variety of pollutants have resulted in the use of 
some larval chironomids as biological indicators of water quality.  
In particular, the subfamilies Chironominae, Orthocladiinae and Tanypodinae contain the 
great majority of the species. Tanypodinae and Chironominae are generally most 
common in lentic warm-water habitats, while the Orthocladiinae is mostly found in lotic 
and cold-water habitats. The last group subfamily includes the genus Brillia that is of 
particular interest in this thesis. 
Species of interest. The genus Brillia is widespread distributed, and appears in lotic-
erosional and depositional (detritus) habitats. This genus can habit as a burrower 
(miners) in rotted wood or as a sprawler in detritus, and it feeds as a shredder-
detritivore (chewers and miners) or collector-gatherer (Merritt et al. 2008). 
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Figure 10. Life cycle of Brillia bifida (Chironomidae; Diptera) observed under controlled conditions in laboratory experiments carried out in this 
thesis. 
  
Table 1. Multiple ecological consequences of eucalyptus plantations in ecosystems. The effects of eucalyptus plantations are overviewed from 
changes in both abiotic and biotic components of terrestrial and aquatic ecosystems (adapted from Graça et al. 2002). 
Quantity of litter inputs Less litter inputs than in deciduous forests
Litter diversity Decreased of litter diversity due to monoculture plantations
Timing of litterfall
Distributed throughout the year, although with a peak in summer, at the contrary to 
deciduous forests
Nutrient input Lower nutrient input than in deciduous forests
Decomposition rate
It depends on water nutrients (slow in nutrient-poor waters, and fast in nutrient-rich 
waters)
Fungal sporulation
Retarded or suppressed fungal growth due to the presence of lipids and oils. Less 
fungal spore diversity although with similar densities
Leaf quality
Leaves poor in nutrients and with chemical defenses, thus are less preferred by 
shredders
Chemical defenses
It contains plant defenses against bacterial and fungal infection that may remain 
active after senescence. It also has antibiotic properties due to oils
Soil Promotes soil loss by erosion and also nutrient loss after cutting down
Increases siltation in streams
Reduced amounts of woody debris, which affect the capacity to retain leaf litter 
and the availability of habitat for invertebrates and fishes
Detritus, 
decomposers and 
detritivores
Additional impacts
Consequences of Eucalyptus plantations
Stream channel
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Anthropogenic impacts 
Anthropogenic disturbances significantly alter the basic character of ecosystems, and 
running waters are perhaps the most impacted ecosystem on the planet (Malmqvist and 
Rundle 2002). In particular, watershed-scale alterations by changes in forest composition 
exhibit clear influences on the community structure and functioning of stream ecosystems 
because of impacts in physicochemical stream attributes, as well as derived variations in 
terrestrial resource subsidies (Kominoski et al. 2011). Although most of studies have been 
primarily focused on disturbances occurring on terrestrial ecosystems (cf. Kominoski et al. 
2007), recent research has been carried out in freshwater ecosystems (Hogg and Williams 
1996; Lecerf et al. 2005; Leroy and Marks 2006; Swan and Palmer 2006; Kominoski et al. 
2007; Kominoski and Pringle 2009). 
Freshwater habitats are frequently damaged by anthropogenic disturbances, such as: 
physical alteration (e.g., construction of dams), the lost and degradation of habitats, the 
invasion of flooding areas by different constructions, the over-exploitation, the 
contamination and the introduction of non-native species. The ongoing climate and global 
change are contributing to damage them. Many of these alterations may result in significant 
changes in population dynamics, community structure, and genetic integrity of native 
species (Woodward et al. 2010). As a consequence, research studies exploring the 
relationship between biodiversity and ecosystem functioning have increased during the last 
years (Schulze and Mooney 1993; Loreau et al. 2002).  
Eucalyptus plantations 
Eucalyptus trees are found naturally in Australia in a wide variety of substrates, 
predominantly in poor soils (devoid of clay and bases). The masses of eucalyptus are bright 
due to the arrangement of leaves hanging. They have been introduced in different climatic 
conditions, but they are more abundant in temperate areas with rainy winters and summer 
droughts. Eucalyptus forests show a seasonal pattern in litterfall, were the litterfall  bulk 
occurs in spring or summer (31–75%), in contrast with deciduous species that shed their 
leaves in autumn (e.g., Campbell et al. 1992; Abelho and Graça 1996; Pozo et al. 1997; Grigg 
and Mulligan 1999).  
Galicia (NW Spain) seems to be one of the best places for its growth due to the ecological 
preferences of eucalyptus trees (climate, soil and altitude). In 1829, the Australian species 
Eucalyptus globulus (Labill.) was introduced in Portugal (Graça et al. 2002). The first 
mention in Spain (Galicia) was in 1863 (Calvo de Anta 1992). Due to its economical interest, 
more than a third part of the forested area in Galicia was reforested with non-native species 
after the 40´s (e.g., pine and eucalyptus). Nowadays, this species5 is very common and 
widely distributed as monocultures promoting changes on the typical deciduous forests, and 
also on the timing and nature of terrestrial inputs to river systems, with irreversible 
ecological damages to ecosystems (see Table 1). 
                                                          
5 http://www.fao.org/DOCREP/004/AC459S/AC459S00.HTM 
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Study Area 
The study area of the present study comprises two geographical regions located on the 
temperate region, with high predominance of small forested streams and subjected to 
oceanic influence (Fig. 11): Galicia, northwestern Spain (Europe) and Vancouver, 
southwestern British Columbia (Canada). Both selected areas are characterized by: 
- Great abundance of small coastal forested streams, where different field studies were 
carried out (see Section I). 
- Hydrological regime, characterized by annual rainfalls higher than 1000 mm. 
- High diversity and percentage of aquatic endemic species. 
Atlantic 
Ocean
Pacific 
Ocean
 
Figure 11. Map of the two geographical areas where field experiments were carried out: 
Galicia (NW Spain), and Vancouver (SW Canada). 
Galicia: Northwestern Spain (Europe) 
The geographical location of Galicia, its hydrographical conditions and the existence of 
mountain ranges originated a heterogeneous area with a high diversity of tree formations 
dependent upon altitude, climate and nature of soils. The climate is continental oceanic, 
characterized by an annual mean air temperature of 13.3 ºC (range from 8.5 to 19 ºC), and 
annual mean precipitation of 1180 mm (range from 500 to 2000 mm). Average values along 
the year indicate that rainfall has distribution patterns ranging from moderate to strong 
seasonality (Cortizas and Alberti 2000).  
Small forested streams and rivers constitute the typical Galician landscape. These streams 
are oligotrophic courses since they flow through predominantly siliceous substrates. Due to 
the rugged topography and geology of Galicia, a large proportion of river sections are more 
or less rapid-flow and turbulent, where erosion dominates over transportation and storage 
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processes. Only the middle and lower reaches of the major rivers (e.g., Miño and Sil) are 
dominated by deposition of materials. 
The forest composition of stream banks consists of deciduous tree species and 
undergrowth, more or less developed depending on the lighting conditions. The most 
widespread riparian tree species in Galicia is alder (Alnus glutinosa (L.) Gaertn.), followed by 
oak (Quercus robur L.), birch (Betula alba L.), willow (Salix spp. L.) and ash (Fraxinus 
excelsior L. and F. angustifolia Vahl.), and other associated tree species. Alder is commonly 
found with most of the root system immersed in the water because of its ability to fix 
nitrogen through bacterial nodules. The dark soil of the alder grove is lined with herbaceous 
species. The riparian forests of alder—considered habitats of community interest by the 
European Union—play an important role as a favourable environment for the life of many 
species, providing temperature control, setting margins, organic matter supply, that also 
function as biological corridors. The Natural Park “Fragas do Eume” and the Biosphere 
Reserve "Terras do Miño” are two examples of well-preserved riparian forests in Galicia. 
Galician streams are characterized by a high biodiversity in comparison within the Iberian 
and European context. Some abundant insect species of benthic invertebrates, as the 
Trichoptera, Plecoptera, Ephemeroptera and Odonata, are very common in Galician rivers6. 
Regarding the family Chironomidae (subfamily Orthocladiinae), Brillia bifida7 (Kieffer, 
1909) is a common inhabitant of small forested streams in the Northwestern of Spain8. 
Vancouver: Southwestern British Columbia (Canada) 
Vancouver is the second area of study, which belongs to the province of British Columbia in 
Canada. This area has a high diversity and abundance of freshwater and terrestrial native 
species and habitats. Programs developed by the Ministry of Environment endeavour to 
conserve biodiversity and to maintain a balance between the needs of native species and 
needs of people9. The region is cool, temperate with wet cool winters and dry summers 
characterized by Pacific frontal weather systems. Mean annual air temperature ranges from 
a low of 2 ºC in January to a high of 16 ºC in July, and mean precipitation is 2200 mm (falling 
between October and March, primarily as rain; Kiffney et al. 2004). 
Many types of plants are commonly found in the riparian zones of the South-coastal British 
Columbia (Kiffney et al. 2003). They include herbaceous and aquatic plants that grow in and 
immediately adjacent to the water, shrubs which grow next to the water along banks, and 
trees. A mixture of coniferous and deciduous trees ensures a year-round supply of leaf litter 
for a diverse community of aquatic insects. Some coniferous tree species such as western 
red cedar Thuja plicata Donn, and other deciduous ones, such as black cottonwood Populus 
trichocarpa Torr. & Gray, and red alder Alnus rubra Bong., dominate the landscape in this 
area. 
                                                          
6 Information from http://medioambiente.xunta.es 
7 Brillia bifida (Kieffer, 1909)  = Brillia modesta (Meigen, 1830)  
8 http://www.aegaweb.com 
9 Information from http://www.env.gov.bc.ca/wld/ 
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Animals that live in riparian areas include thousands of species of insects including mayflies, 
caddisflies, stonefly nymphs, water beetles; crustaceans such as copepods, amphipods and 
crayfish; a wide variety of freshwater and anadromous fish; amphibians such as the blue-
listed red-legged frog (Rana aurora), Pacific treefrog (Hyla regilla) and Northwestern 
salamander (Ambystoma gracile); many birds, and mammals. Regarding to the family 
Chironomidae, Brillia retifinis (Shaeter 1969) is a common inhabitant of small coastal 
rainforested streams (Richardson 1991), and it represents the counterpart of B. bifida in 
this area. 
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Main aims of the thesis 
Headwater streams are heterotrophic systems strongly dependent on the organic 
allochthonous materials, mostly leaf litter, entering from riparian vegetation. Leaves enter 
stream either as abscised material during litterfall periods, or as green material due to 
storms or wind. This organic matter is transformed in small particles by different physical 
factors and stream organisms, through its decomposition process. Forested headwater 
streams are highly retentive systems, and litter often accumulates as discrete patches. These 
patches can be used by the invertebrate communities and incorporated into biomass. 
However, temperature directly influences on leaf decomposition on a seasonal basis, and 
also on invertebrate assemblages, both directly (metabolic rate) and indirectly (i.e., 
consumer-resource relationships). The flow of energy and nutrient cycling in an ecosystem 
are fundamental processes that are tightly linked, from the species level (i.e., stoichiometry 
of metabolic reactions) to the ecosystem level. Based on the importance of detritivore 
pathways in streams under a temperate climate, the main objectives of the present thesis 
are: 
 The section I includes three chapters that describe different field studies simulating the 
ecosystem level.  
The main objective of Chapter 1 is to understand how the seasonal variability 
influences the life cycle of the dominant invertebrate species inhabiting leaf 
packs and the secondary production. Temperature and food resources in NW 
Spanish streams change annually, in terms of quantity and quality (López et al. 2001). 
Therefore, this chapter describes an in-stream incubation of leaf packs (made with 
different leaf species) under different seasonal environmental conditions (i.e., 
autumn-winter and late spring) to estimate the life cycle of the dominant species 
(Brillia bifida) in a forested headwater stream (Galicia, NW Spain). This study 
estimates the secondary production of a dominant detritivorous chironomid 
inhabiting leaf packs as a habitat-specific. The main objective was achieved by 
sampling quantitative data in the field (invertebrates, organic matter and 
physicochemical variables). Later, the shredder production in each leaf type and 
season was quantified in order to determine the annual production and its 
contribution to the detritivore pathway. Herein, we proposed a new methodological 
approach to estimate secondary production that may facilitate answers to some 
ecological riddles. The first part of this chapter was presented in the III Symposium for 
European Freshwater Sciences (Edinburgh, UK) in 2003. 
The main objective of Chapter 2 is to assess invertebrate responses to different 
leaf litter inputs and to evaluate how the interaction between biotic and abiotic 
forces influences detritivore population processes. This chapter describes a study 
carried out in stream-side experimental channels (Vancouver, SW Canada). Since 
many studies have tested the influence of leaf litter quality and diversity on leaf 
decomposition rates, and invertebrates (mostly shredders) prefer high-quality food
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items, we expect that invertebrate dynamics will also be influenced by leaf litter 
quality. We manipulated terrestrial litter quality in replicated channels using two 
native species (alder, cedar) and one exotic (Eucalyptus leaves), as single species leaf 
bags, plus one mixture of the two native species to assess our objectives. Here, leaf 
bags were incubated during summertime to estimate its decomposition rates, nutrient 
dynamics and invertebrate responses during incubation. By estimating invertebrate 
colonisation and emigration from the experimental channels, it was possible to 
determine some of the forces that are influencing detritivore pathways.  
The main objective of Chapter 3 is to test the influence of congeneric species of 
shredders in litter breakdown in two temperate coastal headwater systems. 
This chapter compared the structure of the organisms inhabiting leaf packs/bags from 
previous studies (Chapters 1 and 2). Both studies were carried out in different 
geographical areas under a temperate climate that shared congeneric shredder 
invertebrate species and riparian tree species. Invertebrate colonisation dynamics 
during breakdown of alder and eucalyptus leaves was compared. Therefore, we 
identified ecological similarities between both systems and highlighted the role of the 
dominant species in these headwaters. 
 The section II includes two chapters that describe two laboratory studies focused on the 
species level. Natural conditions from forested headwater streams were reproduced 
under controlled-conditions in the laboratory. The invertebrate species used in these 
incubations was the shredder B. bifida since it seemed to be a keystone species inhabiting 
leaf packs (Chapter 1). Both experiments were carried out to understand in which ways 
temperature and food quality were controlling the life history of this dominant shredder. 
The objective of Chapter 4 is to quantify the join effect of temperature and food 
quality on different growth-developmental parameters of the dominant 
shredder. The laboratory experiment was designed to complement previous field 
results and to discern the influence of water temperature and food quality on the 
development and growth of B. bifida. This experiment involved six treatments (2 
temperatures x 3 leaf species). Water temperatures corresponded to maximum 
seasonal values for the Mera stream (17 ºC vs. 12 ºC) and leaf species differed in its 
leaf traits and origin: alder (A), eucalyptus (E), and a mixture treatment (AE). Several 
parameters such as the timing of pupation and emergence, body size and growth rate 
were estimated. This experiment was presented in the XII Meeting of the Limnological 
Association of Ecology & IV Iberian Meeting of Limnology (Oporto, PORTUGAL) in 2004. 
The objective of Chapter 5 is to understand the extent to which temperature and 
food quality can influence the nutrient cycling on forested headwater streams. 
Here, we tested the effects of temperature (14 ºC vs. 9 ºC) and food quality (alder, 
eucalyptus and a mixture of both leaves) on the life history of B. bifida. This 
experimental design differed from the previous one in the way that leaves were 
offered to larvae (whole leaves vs. cut in discs). This incubation reproduces the 
consumer-resource link in a forested headwater stream. In addition, it also 
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incorporates a stoichiometric approach by measuring elemental composition of 
leaves, larvae and subsequent fine organic matter produced during the incubation. 
The first part of this experiment was presented in the V International Meeting on Plant 
Litter Processing in Freshwater (Coimbra, PORTUGAL) in 2008. The second one was 
presented in the Joint Meeting with ASLO & JNABS. Aquatic Sciences: Global changes 
from the Center to the Edge (Santa Fe, USA) in 2010. 
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 “In-stream secondary production of detritivores and organic matter dynamics may be related 
to species loss of trees in the riparian zone. Loss of key species may be more critical to 
maintaining such processes than species richness per se”  
(Swan and Palmer 2006) 
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Abstract 
Secondary production is frequently estimated on stream ecosystems, but there are no 
studies evaluating the transformation of leaf detritus quantity into consumer´s production 
on a habitat-specific at species level, in spite of the importance of leaf inputs to headwater 
streams. Production and biomass turnover were estimated for a dominant detritivore 
inhabiting a forested headwater stream: Brillia bifida (Kieffer, 1909). Our estimates were 
made on leaf packs (i.e., with different quality) under a seasonal basis that accounted for the 
high variability of these ecosystems. Our data indicated that B. bifida had an active capacity 
to colonize leaf packs and its life cycle histograms suggested that the species has a 
multivoltine cycle. B. bifida densities were significantly lower in autumn-winter (3.0 ± 0.5 
leaf g-1, mean and SE across leaf species) than in late spring (71.4 ± 14.4 leaf g-1), though the 
individual body size was higher in autumn-winter (0.044 ± 0.003 mg leaf g-1) than in late 
spring (0.034 ± 0.003 mg leaf g-1). Deciduous leaf species such as alder and birch showed the 
highest values of density and biomass, which may indicate some preference for these leaves. 
The extremely high production values in leaf packs revealed the importance of B. bifida as a 
key detritivore in the studied stream. Our species-specific experiment suggests the 
importance of temperature and food quality as important controls of the life history of this 
species. These controls could strongly affect its ecological strategy of regeneration and 
colonisation, and ultimately its secondary production. 
Keywords: Body size, Brillia bifida, Growth rates, Headwaters, Leaf packs, Secondary 
production, Shredders 
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Introduction 
Chironomids are a major group of primary consumers that feed upon detritus and they 
represent a critical link in trophic pathways of freshwater ecosystems (Benke 1998). 
Shredders depend on organic matter subsidies from riparian vegetation (mostly leaves), 
which are the basis for a significant portion of the energy input in freshwater ecosystems 
(Fisher and Likens 1973; Cummins and Klug 1979). In lotic ecosystems there is a 
combination of factors influencing stream structure and functioning (e.g., flow, temperature, 
inter-specific relationships) since they have a direct/indirect control on life history patterns 
of individuals (e.g., Huffaker 1944; Sweeney 1984; Power et al. 1988). The timing of leaf 
litter inputs may vary due to the phenology of the riparian vegetation, retention 
mechanisms in the aquatic-terrestrial transition zone, season and local climate (Wantzen et 
al. 2008), whereas detritus quality is essentially determined by its chemical properties 
(Melillo et al. 1982; Enríquez et al. 1993; Gessner and Chauvet 1994). Therefore, resource 
availability, in terms of quantity and quality, has been demonstrated to strongly influence on 
species that use leaf litter as a food resource, promoting changes in their colonisation 
dynamics, emigration, growth rates and final mass (Richardson 1991; Whiles and Wallace 
1995; Graça and Canhoto 2006). 
Currently, various anthropogenic disturbances, such as the lost and degradation of habitats, 
the over-exploitation and the introduction of non-native species, are increasing this 
variation even more, which may result in significant changes in natural population dynamics 
and community structure (Woodward et al. 2010). In Galicia (NW Spain), and in other areas 
from the Iberian Peninsula, deciduous forests have been replaced by monocultures of non-
native species, particularly Eucalyptus species, and thus altering breakdown rates, stream 
nutrient concentrations and shredding activity (Pozo 1993; Basaguren and Pozo 1994; 
Canhoto and Graça 1995; Abelho and Graça 1996; Pozo et al. 1998). 
Several studies have explored the expected adaptation between the life cycle of detritivores 
and their food seasonal supply (Cummins and Klug 1979; Cummins et al. 1989; Grubbs and 
Cummins 1996). Since life-history attributes and the mode of feeding of communities 
appear to be closely related to production values in temperate streams (Huryn and Wallace 
2000), it becomes important to study the ecology of key species to understand the energy 
flow and trophic dynamics of these systems (Benke 1998). The family Chironomidae is the 
most widely distributed and frequently the most abundant group of insects in freshwater 
environments, since they have a high number of generations, leading to a P/B ratio that is 
higher than for other macroinvertebrates (Cranston et al. 1983; Pinder 1986; Ashe et al. 
1987; Benke 1998). In particular, Brillia species were registered in Palearctic, Nearctic and 
Oriental regions (Cranston et al. 1983; Ashe et al. 1987), and many studies have highlighted 
its importance due to its contribution to the decomposition process and subsequent 
availability to higher trophic levels (Stout and Taft 1985; Cummins et al. 1989; Grubbs et al. 
1995; Richardson 2001).  
In forested headwater streams of NW Spain, B. bifida was found to be frequent and appeared 
in high densities when colonizing leaf packs (López et al. 1997). Since stream environmental 
conditions change along the year, we assumed that colonisation of leaf packs by 
macroinvertebrates would be different on a seasonal basis, and thus would promote 
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changes in secondary production (López et al. 2001). In the present study, we first 
quantified the B. bifida production attributable to different food types on a seasonal basis, to 
determine its contribution to the detritivore energy flow in a temperate headwater stream, 
and we predicted that the species would be a key detritivore in processing leaf packs. We 
hypothesized that spring-summer conditions characterized by low water levels and high 
water temperatures would support larger numbers of invertebrate individuals inhabiting 
packs in field experiments, mostly shredders, and thus larger productivity values. We also 
hypothesized that high-quality leaves (e.g., softer, higher N content) would positively 
influence larval growth and development time.  
Material and Methods10 
Field incubations were carried out in the Mera stream (UTM 29T 610151 4760657) located 
in Galicia (NW Spain) in autumn-winter (mid-November of 1995 to January 1996) and in 
late spring (from mid-May 1996 to mid-June 1996). The climate in the study area is 
continental oceanic, characterized by annual mean temperatures of 12.6 ºC and mean 
annual rainfall of 991.5 mm (Pardo and Álvarez 2006). It generally rains in autumn and 
winter, with precipitation being rare in summer. The riffle-pool study reach had a substrate 
composed of cobbles and pebbles on top of gravel and coarse sand. The water was slightly 
acidic (mean annual pH of 6.4). In autumn-winter, water temperatures ranged from 5 to 12 
ºC, mean of 9 ºC, while mean temperature in late spring was 12 ºC, ranging from 8 to 17 ºC. 
Flows were recorded two or three times during each season, with a mean of 0.60 m3/s in 
autumn-winter and 0.17 m3/s in late spring (see additional information in López et al. 
2001). There is a wide variety of tree species that constitute the most important fractions of 
total litter inputs to the Mera stream (Cillero et al. 1999) and leaf packs are usually apparent 
within the stream. Therefore, in-stream incubation was carried out with packs of different 
food quality. Leaf packs were constructed of leaves from three riparian species (Alnus 
glutinosa (L.) Gaertn. (A), Betula alba L. (B), and Populus alba L. (Pc)), two terrestrial 
(Castanea sativa Mill. (C), Quercus robur L. (Q)), two evergreen (Pinus radiata D. Don (P), 
Eucalyptus nitens (H. Deane and Maiden) Maiden (E)), and one grass (Lolium perenne L. (G)).  
The in-stream incubation was conducted during two different periods of the year, autumn-
winter and late spring, comprising most of the alder litterfall period according to Cillero et 
al. (1999). Leaves were directly picked from trees and rye grass from pasture fields before 
each in-stream incubation as described in López et al. (2001). The material was dried at 50 
ºC until it reached a constant weight and then tied with nylon strings or plastic fasteners 
into 5 ± 0.1 g leaf packs. At the beginning of each incubation period, the packs were fixed 
with wire to bricks attached to riparian trees, and they were randomly placed in riffles 
habitats. First incubation started on16 November 1995, and the first samples were taken 3 
days later (3 replicates of each); packs were subsequently collected with a period of ≈ 1 
week (4 replicates of each). During late spring an identical procedure was followed, with 
packs placed on 7 May 1996, and with 4 replicates collected each sampling time. Leaf packs 
were collected for a total of six times in each season. Therefore, 376 leaf packs were 
constructed and initially placed in the stream (2 seasons x 8 leaf species x 6 collection times 
                                                          
10 See Appendix IV to observe different pictures of the experiment 
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x 3-4 replicates). However, due to the lack of individuals in some leaf packs during the 
autumn-winter period, time replicates were pooled to homogenize temporal variation 
within season and to facilitate further comparisons between seasons and leaf species (N = 
96). 
Invertebrates were washed from leaf packs on a 200-µm-mesh net and preserved in 70% 
ethanol. Once in the laboratory, all specimens were identified and counted under an 
Olympus SZX9 binocular microscope (at 40X), though only B. bifida individuals were 
analysed in this paper. The microscope was connected to a digital color camera (Olympus 
DP10) where the image was read into a PC and processed with the Olympus MicroImage 
Analysis Software (version 4.0 for Windows, USA). Then, B. bifida individuals were 
measured to the nearest 0.05 mm from these computer pictures: head capsule width (HW), 
head length (HL) and total body length (BL).  
Length-mass relationships11 
To estimate the individual biomass of B. bifida we constructed a length-biomass correlation. 
A subset of larvae of B. bifida was collected in the Mera stream and the Barxa stream (UTM 
29T 523111 4672115). Their body length was measured from pictures as described above 
and individuals were then dried separatelly (55 ºC, 48h) and weighed (DM) to the nearest 
0.01 mg. We constructed one correlation for each season, autumn-winter (1) and late spring 
(2), respectively.  
DM (mg) = 0.0024BL(mm) 2.03 (r2 = 0.82; N = 182; range = 0.010-0.312)                                     [1] 
DM (mg) = 0.0023BL(mm) 2.73 (r2 = 0.85; N = 146; range = 0.008-0.492)                                     [2] 
Life stage frequency histograms showed that B. bifida could not be followed as a single 
cohort from the field data, mostly during autumn-winter incubation (Fig. 1.1). Thus, we used 
the non-cohort size-frequency method to estimate secondary production (Hynes and 
Coleman 1968; Hamilton 1969). Similarly to the Hynes method, individuals were first 
grouped into selected size categories. For each size category, a mean numerical density was 
calculated from samples taken throughout each season (final column of Appendix I.1). This 
value represents a mean size-frequency distribution, denoted as an “average cohort” that is 
an approximation of survivorship (see Hamilton 1969; Benke and Waide 1977; Benke 
1979). Appendix I.1 provides the worksheet for calculation of mean size-specific density, 
total mean density (i.e., average cohort) and total mean biomass in each leaf type per 
season.  
Then, production of the average cohort was estimated calculating the numbers of 
individuals lost (presumably to mortality) and its biomass between successive size 
categories. The average cohort production value was multiplied by the number of size 
classes (i.e., 4 instars), and later corrected by the CPI (cohort production interval), which 
represents the larval development time in days (Waters 1977; Benke 1979). The CPI was 
extrapolated from experimental studies carried out in the laboratory. Thus, the CPI varied 
from 20 days to 64, depending on temperature and food quality (Chapter 5). Since the 
sampling period was different from a year, production estimates (P uncor. in Table 1.2) 
                                                          
11 See Appendix II for further details on length-mass relationships 
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were corrected by multiplying by sampling period/CPI (i.e., 41/CPI during autumn-winter 
and 38/CPI during late spring). Finally, B. bifida production was expressed as mg B. 
bifida/leaf gram per season. Appendix I.2 provides the Hynes production calculations for B. 
bifida in each leaf type per season. 
Statistical analysis 
We estimated the density (number of specimens per gram dry mass of leaf pack) of all 
invertebrates inhabiting leaf packs during both seasons, nevertheless only B. bifida 
specimens were individually measured to estimate its mean dry mass (Ind. mass) and 
biomass (mg of larvae per leaf gram) to further estimate secondary production. The effect of 
season and leaf type on total density, individual mean dry mass and total biomass of B. bifida 
in leaf packs were tested using 2-way ANOVAs with a full factorial model, followed by 
Tukey´s HSD tests when appropriate. Variables were log(x+1) transformed previous to the 
statistical analyses to meet parametric assumptions. All analyses were performed with SPSS 
statistical software (SPSS v.15 for Windows XP, SPSS Institute Inc., Chicago, IL, U.S.A). 
The total production of B. bifida in the studied reach was estimated by using data obtained 
by the size-frequency method (i.e., the present study) in combination with monthly 
estimates over an annual period of leaf litter inputs per square metre recorded in the Mera 
stream (Cillero et al. 1999). In the case of deciduous species, we assumed a half-year with 
typical litter inputs occurring from June onwards, and the other half-year with those litter 
inputs from December to May, whereas data of eucalyptus litter inputs were compiled from 
a closer temperate area (Abelho and Graça 1996). In that way, larval production (i.e., 
obtained for each leaf type by season) was multiplied by its corresponding amounts of leaf 
litter inputs per square metre to estimate maximum seasonal production of B. bifida (see 
two final columns of Table 1.2). Then, we also estimated the maximum annual production of 
B. bifida in deciduous forests and in eucalyptus plantations (see two final rows of Table 1.2). 
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Results 
The total community inhabiting leaf packs in the Mera stream was greatly represented by B. 
bifida, mostly in late spring (Table 1.1). Density of invertebrates inhabiting leaf packs (i.e., 
whole community) was higher in late spring than in autumn-winter (F1,80 = 45.1, P < 0.001, 
N = 96), and there also was a significant effect of leaf type (F7,80 = 2.9, P < 0.001, N = 96), 
without significant interaction of season and leaf type (F7,80 = 1.1, P = 0.43, N = 96). In 
general, there was more species in leaf packs made with deciduous trees than in others such 
as pine (Table 1.1). Similarly, density of B. bifida was affected by season (F1,80 = 51.7, P < 
0.001, N = 96) and leaf type (F7,80 = 2.6, P < 0.05, N = 96), without interaction effect (F7,80 = 
1.2, P = 0.29, N = 96). Pine showed the lowest B. bifida densities, while leaf packs of 
deciduous species (e.g., alder) presented the highest densities (Table 1.1). The individual 
mass of B. bifida varied between seasons (F1,80 =37.6, P < 0.001, N = 96), being higher in 
autumn-winter than in late spring, independently of leaf type (Table 1.1), and there also was 
no interaction effect (F7,80 =0.9, P = 0.48, N = 96).  
Table 1.1. Mean values (± SE) of the total invertebrate density, Brillia bifida density and 
its individual dry-mass from all samples collected through the incubation time (i.e., 
different leaf species in each season).  
Season Leaf species
Density Pack          
(No. leaf g-1)
Density*          
(No. leaf g-1)
Indiv. Mass*          
(mg leaf g-1)  
Alder 210.5 ± 99.2 ab 172.0 ± 76.9 ab 0.036 ± 0.008 a
Birch 108.3 ± 38.0 b 91.0 ± 39.0 b 0.036 ± 0.010 a
Chestnut 109.1 ± 28.8 b 66.6 ± 26.1 b 0.036 ± 0.007 a
Oak 130.7 ± 42.1 b 105.3 ± 39.5 b 0.038 ± 0.012 a
Poplar 119.9 ± 38.5 b 98.5 ± 36.4 b 0.032 ± 0.010 a
Grass 55.1 ± 8.3 b 23.6 ± 8.2 b 0.033 ± 0.006 a
Eucalyptus 19.7 ± 2.6 b 11.4 ± 3.7 b 0.032 ± 0.009 a
Pine 14.9 ± 1.9 c 2.8 ± 1.0 bc 0.027 ± 0.007 a
Alder 27.0 ± 8.2 de 6.3 ± 2.5 de 0.052 ± 0.008 b
Birch 14.9 ± 2.3 e 3.7 ± 1.0 e 0.053 ± 0.004 b
Chestnut 17.3 ± 5.9 e 1.1 ± 0.2 e 0.036 ± 0.006 b
Oak 12.8 ± 3.0 e 1.4 ± 0.4 e 0.036 ± 0.005 b
Poplar 14.8 ± 5.0 e 2.8 ± 0.7 e 0.045 ± 0.008 b
Grass 25.6 ± 5.8 e 3.5 ± 0.7 e 0.044 ± 0.006 b
Eucalyptus 17.6 ± 8.3 e 4.5 ± 3.0 e 0.049 ± 0.006 b
Pine 9.8 ± 3.2 f 0.9 ± 0.3 ef 0.036 ± 0.012 b
* Data corresponding to Brillia bifida  larvae
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According to the wide range of B. bifida densities in all leaf packs during both incubation 
periods, we may infer a continuous presence of these larvae corresponding to different 
instars throughout a year. During the late spring incubation, a definite synchronous trend 
could be recognized, mostly determined by deciduous leaf species such as alder and birch 
that had the highest densities (Fig. 1.1). However, during the autumn-winter incubation, it 
was difficult to discern a cohort developing since there was a similar proportion of different 
instars and a low frequency of small instars (Fig. 1.1). 
a)
b)
1st 2nd 3rd 4th 5th 6th
N = 85 N =435 N =3559 N =3143 N =2022 N =1378
N =72 N =135 N =129 N =268 N =215 N = 88  
Figure 1.1. Life stage frequency histograms of Brillia bifida larvae inhabiting leaf packs 
in the Mera stream. All leaf packs were represented together to see the life stage pattern 
at the reach scale. Each histogram represents the abundance of different instars at each 
collection time during (a) late spring and (b) autumn-winter. Instars are designated as I-
II through IV. Width of each bar represents percentage of total animals found in a given 
instar, and the sum of all columns is 100%. The total number of larvae found at each 
collection time (N) is also shown below each figure. 
B. bifida biomass per gram of leaf pack varied widely among leaf species in both incubation 
periods (Table 1.2). Two-way ANOVA revealed that B. bifida biomass was significantly 
affected by season (F1,80 =47.8, P < 0.001, N = 96) and leaf type (F7,80 =2.2, P < 0.05, N = 96), 
with no significant interaction (F7,80 =1.2, P = 0.30, N = 96). During warm months, B. bifida 
larvae had the highest biomass inhabiting and feeding alder, 30 times higher than on 
eucalyptus and 300 times higher than on pine (Table 1.2). During cold months, B. bifida 
biomass in alder was 46 times lower than in the late spring, and its biomass in eucalyptus 
and pine was half of the one attained in those leaves during late spring (Table 1.2). Anyway, 
deciduous leaves such as alder and birch showed higher biomass than the other leaf species 
such as pine (Table 1.2). As a consequence, the highest production values were observed in 
late spring, while the production was markedly lower in autumn-winter, independently of 
the leaf type, and pine had the lowest production values in both incubations (Table 1.2). Our 
results implied that B. bifida production in alder leaves was 23.3 times higher than in 
eucalyptus during warm months (Table 1.2). However, this value was only 1.6 times higher 
in alder than eucalyptus during cold months. The turnover rates (cohort P/B) for the 
different leaves were quite variable, ranging from 7.1 to 13.1 times during warm months, 
and from 2.2 to 3.0 times during cold months (Table 1.2). 
  
Table 1.2. Summary of mean values for production parameters of Brillia bifida in the Mera stream by using the size-frequency method. P (uncor.) column 
represents the production estimates before the Hynes correction, while P represents the corrected ones. All mass units are dry mass (DM). Specific production 
in each leaf type and season is expressed as mg leaf g-1 time-1, where time represents the incubation days in each sampling period, while total Brillia production 
is expressed as g m-2 time-1, where time represents estimates from the complete season (i.e., last column) and the complete year (i.e., 2 last rows, see footnotes). 
Biomass Cohort Seasonal P (uncor.) Production Brillia  Production 
B                    
(mg leaf g
-1
)
P/B P/B (mg leaf g
-1 
time
-1
)
(mg leaf g
-1 
time
-1
) (g Brillia  m
-2
 time
-1)
Alder* 305.5 ab 3.7 7.1 1135.2 2156.9 186.2 * 401.6 (361.5)
Birch* 148.4 ab 3.9 7.5 582.1 1106.0 65.9 * 72.9 (65.6)
Chestnut* 61.8 b 5.6 10.7 348.0 661.2 1.8 * 1.2 (1.1)
Oak* 189.2 b 3.8 7.1 711.2 1351.4 5.5 * 7.4 (6.7)
Poplar 167.9 b 3.8 7.1 630.4 1197.7
Grass 17.5 b 6.9 13.1 120.4 228.8
Eucalyptus 10.1 b 4.8 9.1 48.7 92.6
Pine 0.9 bc 5.2 9.9 4.9 9.4
Alder* 6.7 de 3.5 2.6 23.8 17.4 64.4 * 1.1 (1.0)
Birch* 3.6 de 3.3 2.3 12.1 8.3 26.2 * 0.2 (0.2)
Chestnut* 0.6 e 3.2 2.2 2.1 1.4 12.1 * 0.02 (0.02)
Oak* 0.7 e 3.2 2.2 2.3 1.6 27.6 * 0.04 (0.04)
Poplar 1.5 e 4.4 3.0 6.5 4.5
Grass 3.5 e 3.4 2.4 11.9 8.1
Eucalyptus 4.8 e 3.6 2.3 17.1 11.0
Pine 0.4 ef 3.2 2.2 1.1 0.8
Deciduous forests 389.7 * 484.5  (436.1)
Eucalyptus plantations 157.6 † 8.2 (7.3)
†  Annual data from Abelho & Graça (1996).
Values within paretheses are production estimates reported ash-free dry mass (AFDM) by multiplying by 0.9 (Benke 1993).
*   Annual or seasonal data of leaf inputs in the Mera stream estimated from Cillero et al. (1999). 
Season Leaf type
Leaf inputs  
 (leaf g m
-2
)
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According to our estimates, the maximum seasonal production of B. bifida was found in 
alder leaves during late spring (401.6 g Brillia m-2 spring-1), being 358 times higher than 
those found in alder leaves during autumn-winter (Table 1.2). However, B. bifida annual 
production on eucalyptus leaves was 51.8 g m-2 (i.e., mean across seasons in the present 
study), indicating that B. bifida production 59.4 times lower in eucalyptus than in native 
deciduous leaves (see Table 1.2).  
Discussion 
Dominant species are known to exert a strong influence over community dynamics and 
ecosystem functioning (e.g., Dangles and Malmqvist 2004). In the present study, the 
abundance of B. bifida species observed in all leaf packs during both in-stream incubations 
and its continuous presence suggested its potential importance for processing leaf packs. 
Life cycle histograms suggested a multivoltine life cycle for Brillia, as previously stated for a 
substantial number of chironomid species in temperate stream ecosystems, especially 
among the subfamily Orthocladiinae (Pinder 1986). First larval instar was 
underrepresented in our samples, probably because of their small size and partly pelagic 
behaviour that makes their collection difficult (Oliver 1971; Armitage et al. 1995). During 
late spring, B. bifida seemed to present at least one generation that reached the pupae stage 
in leaf packs in less than 35 days, indicating a full life cycle completion and the possibility for 
several fast-growing generations mostly on deciduous riparian species (e.g., alder and birch) 
that showed the highest densities. However, during autumn-winter, it was more difficult to 
discern a cohort developing due to lower densities of small larval instars, and probably the 
need of longer times to reach the pupae stage under harsh conditions such as low 
temperature and high discharge. B. bifida larvae did not grow at the same rate in autumn-
winter as in late spring. Our results suggested that B. bifida followed the emergence of most 
summer-emerging species, like its counterpart B. retifinis (Richardson 1991; 2001), though 
it contradicts other studies that have highlighted Brillia spp. as an autumn-winter species 
(Cummins et al. 1989).  
Some studies have shown that stream spatial and temporal variation determines 
invertebrate abundance, particularly of those organisms that actively search for resources 
and habitat (Townsend 1989; Palmer et al. 2000). B. bifida showed an active capacity to 
colonize and recolonize packs, particularly looking for those having a rich-quality. Our 
results indicated that invertebrate densities, and particularly B. bifida species, were 
influenced by season and by leaf species within a stream. Huryn and Wallace (2000) 
suggested that any factor (e.g., emigration, predation and competition, food availability, 
water temperature and stream velocities) influencing growth rates or biomass of 
macroinvertebrates will also influence their production. In the present study, it seemed that 
during late spring, environmental conditions were more favourable to B. bifida species since 
there were higher densities and total biomass than in autumn-winter, which influenced 
secondary production levels. 
Regardless of the season, alder packs were colonized by more B. bifida individuals than were 
other leaves. Alder is widely recognized as a nitrogen-rich and soft-texture leaf (Kaushik and 
Hynes 1971; Iversen 1974), and usually, invertebrates showed preferences for rich-quality 
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leaves (e.g., Canhoto and Graça 1995; Hutchens et al. 1997; Graça et al. 2001). On the other 
hand, the lowest densities found in eucalyptus and pine packs suggested that these leaves 
may have a potential negative influence on B. bifida development and growth. Pine and 
eucalyptus are both non-native species in riparian temperate headwaters that secrete 
substances that can reduce or suppress growth of aquatic hyphomycetes and detritivores 
(Bärlocher 1985; Canhoto and Graça 1999).  
The quality (and quantity) of food consumed by a larva influences its performance by 
affecting individual parameters such as growth rate, developmental time and final body 
size/mass (Slansky and Scriber 1985). Our results did not show differences in individual 
larval mass among different leaf species during both stream incubations, probably due to 
the role of B. bifida as a fugitive species, being able to track resources through short-term 
resource variation (Richardson 1991). Indeed, larvae can move between packs, thus not 
being forced to feed on a specific leaf as it happens in the laboratory (see Chapter 4). 
However, we found differences regarding to the season. During late spring, larvae colonizing 
leaf packs were smaller than during autumn-winter, though they showed very high densities 
and turnover rates. We suggested that B. bifida developed faster in late spring, and then it 
produced many small larvae that were able to exploit the available resources, mostly rich-
quality leaves. The small larval size could be a response to different environmental 
conditions (e.g., light, food availability, temperature). Smaller size as an induced effect for 
temperature increase has been previously reported and considered a general rule for many 
ectotherms from terrestrial and aquatic habitats (Sweeney and Vannote 1978; Ward and 
Stanford 1982; Atkinson 1994). Our results are in line with the life cycle strategy of the vast 
majority of chironomid species, which seems to lie in the improvement of reproductive 
output (i.e., high number of generations) by maximizing the energy acquisition over the 
larval phases and minimizing the duration of the adult stage (Tokeshi 1995).  
The habitat is known to have a strong influence on secondary production (Benke 1984; 
Huryn and Wallace 2000; Entrekin et al. 2007). In the present study, we estimated the 
secondary production of B. bifida in leaf packs, because they are the habitat (i.e., refuge and 
food resource) of this dominant shredder in forested headwater streams of NW Spain. We 
should take into account that our production calculations are overestimated, since they 
reflect the maximum potential of production when all leaves are retained in the stream, 
something unlikely in natural environments. Retention estimates for the Mera stream (I. 
Pardo, personal communication) account for 95% of leaf retention within the first 8 metres 
during late spring (discharge ≈ 0.07 m3/s) and for 88% within 20 metres during autumn-
winter (discharge ≈ 0.27 m3/s). Thus, in our studied stream (50 m) we predicted that 
maximum losses of organic matter would be up to 26% to 45% in late spring and autumn-
winter, respectively. Therefore, production estimates provided in this study, which are 
based on vertical leaf inputs per square metre, should be accordingly corrected.  
Production values registered in the field experiment indicated a different seasonal 
contribution of B. bifida to the annual secondary production in the Mera stream, since there 
was much more production in late spring than in autumn-winter. In addition, population 
dynamics and production parameters of B. bifida species were influenced by the food
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quality, as has been shown previously in other temperate streams and for other 
invertebrate species (Sweeney and Vannote 1986; Stout et al. 1993; Huryn and Wallace 
2000). Packs constructed with alder leaves supported the highest production values during 
both incubation periods, while leaf packs made with eucalyptus and pine needles showed 
the lowest ones. Despite litterfall inputs from eucalyptus trees mainly occur in summer in 
the temperate zone (Abelho and Graça 1996), the production values achieved on eucalyptus 
leaves were among the lowest ones. Evident negative consequences for these freshwater 
ecosystems will occur in terms of limitation of the invertebrate potential to process leaf 
inputs and consequent reduction of nutrient cycling. Indeed, this fact may have strong 
ecological implications in food web dynamics, for example to other secondary consumers 
and predators, such as fish (see below). 
This study has shown that B. bifida production in the Mera stream can be very high on leaf 
packs, and this high production was due to the high P/B values. However, our high 
production values and turnover rates were not balanced throughout the year since higher 
production values were observed in late spring, as it is frequent in north temperate zones 
(e.g., Waters 1977). High annual P/B values are characteristic of insects with rapid 
development and multiple cohorts such as chironomids (e.g., Mackey 1977; Waters 1977). 
Benke (1998) stated that main reasons for high production values and turnover rates were 
temperature and food quantity/quality, and our results confirmed this statement. Our P/B 
values differed among seasons though they were similar to other estimates for shredder 
species (Entrekin et al. 2007:485, Appendix) whereas the production values were the 
highest ones (Leberfinger and Herrmann 2010: 942, Table 5). This study provides evidence 
on the importance of quantifying secondary production on habitats that represent the 
specific resource available for each functional feeding group to achieve more accurate 
estimates of production. 
Herein, we propose a new methodological approach to estimate detritus consumer’s 
secondary production. The high production estimates found may facilitate answers to some 
ecological riddles, for example the observation that invertebrate biomass is often 
insufficient to support fish production (see Allen paradox, Allen 1951; Hynes 1970; Waters 
1988). Chironomids are common prey for fish fry in many streams (Pinder 1986; Schlosser, 
1991; Berg and Hellenthal 1992; Dineen et al., 2007) and represent an important 
component in river food webs (Power, 1990), and indeed in NW Spain, salmonids fry 
(Atlantic salmon and brown trout) eat preferentially chironomids and simuliids during 
spring-summer months (N. Costas, personal communication; Suarez et al. 1988; Teixeira 
and Cortes 2006). This study suggests that season and food quality are important controls 
on the life history of Brillia, with potential to affect its ecological strategy of regeneration 
and colonisation. Consequently, it shows the relevance of the shredder B. bifida production 
to the detritivore energy flow in these temperate headwater streams under a seasonal basis. 
The possible link of this detritivorous production with late spring-summer fish growth 
highlights the importance of the maintenance of riparian tree species that are the base of 
Brillia production. We can predict that the substitution of riparian deciduous species (e.g., 
alder, birch) by eucalyptus plantations will decrease the production of B. bifida in 
heterotrophic streams of NW Spain. 
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Finally, many questions remain unanswered in this study (e.g., how these factors affect the 
body elemental composition of B. bifida or which is the quality of the annual production 
under different conditions). Along these lines, Elser et al. (1996) proposed that life history 
strategies set the stoichiometric requirements of individual organisms, and we suggest that 
individual responses should be evaluated through the bioenergetics because this is probably 
the best way to improve our knowledge of species dynamics and ecological consequences 
for the ecosystem (see Chapter 5). 
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Chapter 2 
                                                             
Leaf quality influences invertebrate colonisation 
and drift in a temperate rainforest stream 
 
 
 
 
 
 
 
 “Leaf patches are considered islands with high richness and densities of aquatic organisms”  
(Wallace et al. 1997; Kobayashi and Kagaya 2005)
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Abstract 
Structure and functioning of temperate forested streams are strongly influenced by aquatic-
terrestrial linkages. Changes in riparian forest composition, such as plantations of exotic 
species, and tree diversity may alter resource quality, detritivore assemblages, and litter 
breakdown rates in streams. Therefore, we hypothesized that different litter resources may 
influence colonisation and drift of invertebrates inhabiting small, temperate rainforest 
streams in southwestern British Columbia. Leaf litter of different quality (high- vs. poor-
quality), diversity (single vs. mixed leaves) and origin (native vs. exotic species) were 
incubated in stream-side channels to test this hypothesis. Decomposition rate was positively 
related to leaf quality, independently of leaf origin and diversity. Rapid decaying leaf litter 
stimulated decay in adjacent, more recalcitrant leaves. Invertebrate assemblages colonizing 
leaf bags were predominantly collector-gatherers and shredders, particularly on alder 
leaves. Drift density varied over the incubation period and seemed to be controlled by leaf 
qualities since, in general, there were more individuals drifting from channels with alder 
leaf bags than from channels with cedar or eucalyptus. However, we observed different 
inter-specific invertebrate responses controlled by leaf traits, particularly by numerically 
dominant chironomid species. Therefore, drift from alder bags seemed to be a response to 
food quality limitation and/or the completion of an invertebrate’s life cycle, whereas drift 
from cedar and eucalyptus leaves seemed to be influenced by the search of better quality 
resources. This differential response in colonisation and drift has the potential to modify the 
transfer rate of organic matter to higher trophic levels and thus ecosystem functioning. 
Keywords: Colonisation, Detritivores, Drift, Headwaters, Stream-side channels 
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Introduction 
Factors controlling the productivity and biodiversity of ecosystems are an important focus 
in ecology, and heterotrophic headwater streams dependent on particulate detritus are 
excellent systems for examining these processes due to strong terrestrial-aquatic linkages 
(Hynes 1975; Cummins et al. 1989; Polis et al. 1997; Wallace et al. 1999). Changes in 
riparian forest composition and diversity have the potential to strongly alter decomposer 
assemblages (Bärlocher and Graça 2002), litter breakdown rates (Swan and Palmer 2004; 
Lecerf et al. 2005), resource quality for consumers in streams (Graça et al. 2002; Kominoski 
et al. 2011) and stream productivity (Swan and Palmer 2006). Hence, the quality and 
quantity of resources available in ecosystems are key factors that determine the spatial and 
temporal distribution of organisms, and rates of consumer-mediated ecosystem processes. 
Increasing domination of ecosystems by humans is promoting changes in riparian-zone 
vegetation composition. As a result, there has been extensive research on the consequences 
of biodiversity losses on stream ecosystem structure and functioning (Loreau et al. 2002; 
Gessner et al. 2004; Giller et al. 2004). In particular, Eucalyptus plantations are a common 
anthropogenic disturbance affecting riparian forest composition in many parts of the world 
(Graça et al. 2002). Usually studies investigating the consequences of these changes are 
made on places already altered or manipulated, so it is unlikely to avoid effects caused by 
previous adaptation. Coastal temperate rainforest streams have no prior exposure to 
Eucalyptus plantations. However, studies in the Pacific coastal ecoregion (Richardson 1991) 
and in the west coast of Europe (García and Pardo, under review) have found similar 
congeneric species among the dominant invertebrate species inhabiting leaves, suggesting 
the potential for direct comparisons using exotic leaf species. Therefore, we suggest that this 
study is feasible to test quality without any previous adaptation, and to make ecological 
comparisons between different temperate biogeographical areas (e.g., invertebrate 
responses, life cycles, secondary production). 
The seasonal input of terrestrial litter supply to small, forested streams results in leaf 
accumulations made up of a mixture of leaves. The quantity and timing of resource inputs 
influence food web dynamics and stream productivity (Richardson 1991; Polis et al. 1997; 
Wallace et al. 1999; Richardson et al. 2010). These mixtures of leaves can present a suite of 
both positive (i.e., nutrients) and negative (i.e., secondary compounds) factors that drive 
consumer feeding preferences and performances (Swan and Palmer 2006). Although leaf 
quality effects have often been studied for single leaf species, recent studies have 
demonstrated that mixtures of leaves have the potential to strongly affect decomposition 
dynamics and invertebrate composition inhabiting resources patches (Kominoski and 
Pringle 2009; Sanpera-Calbet et al. 2009). Consequently, the understanding of effects of 
mixtures of resource species have become a key set of questions in community ecology, with 
further implications for nutrient cycling and ecosystem productivity (Guenet et al. 2010). 
At the community level many environmental factors and ecological interactions influence 
the assemblage of co-occurring species (Power et al. 1988; Allan 1995). Consumers move 
actively among leaf packs by drift and other movements, and they can subsequently colonize 
other leaf packs depending on local physical and biological conditions (Townsend 1989; 
Minshall and Petersen 1985; Rowe and Richardson 2001; Downes et al. 2011). Experimental 
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manipulations of litter quantity in stream channels have demonstrated that consumers can 
track litter resource patches, resulting in aggregation of individuals and acceleration of leaf 
decomposition (Richardson 1991; Rowe and Richardson 2001; Tiegs et al. 2008). In 
addition, recent studies have suggested that life history traits, competition and resource 
availability, individually or in combination, can drive invertebrate responses to select food 
resources (Silver et al. 2004; LeRoy and Marks 2006). By understanding those factors that 
control community structure and its coupling to resource dynamics we can determine limits 
on ecosystem productivity and biotic diversity (e.g., Dyer and Letourneau 2003).  
In the present study, we assume that leaf litter quality, in combination with quantity, is a 
limiting factor for invertebrate populations. Our main objective was to assess invertebrate 
responses to different leaf litter inputs in experimental channels, and evaluate how the 
interaction between biotic and abiotic forces influences detritivore colonisation and drift. 
We manipulated terrestrial litter quality in replicated stream-side channels using two native 
species (alder, cedar) and one exotic (Eucalyptus leaves) as single species leaf bags, and one 
mixture of the two native species to assess our objectives. Since many studies have tested 
the influence of leaf litter quality and diversity on leaf decomposition rates, and 
invertebrates (mostly shredders) prefer high-quality food items, we expect that 
invertebrate dynamics will be also influenced by leaf litter quality, and thus colonisation and 
emigration from the channels with rich-quality leaves will be lower than from the others. 
Material and Methods12 
Site description 
This study was carried out in the Mayfly Creek experimental channels in the University of 
British Columbia’s Malcolm Knapp Research Forest (MKRF), near Maple Ridge, BC, Canada 
(49°16’N, 122°34’W). The climate is wet-temperate with mild summers, and wet, cool 
winters, and annual precipitation around 2200 mm mostly as rain (Kiffney et al. 2004). 
Mayfly Creek flows through a steep and narrow valley in a mostly coniferous forest, with 
deciduous trees along the riparian area. The watershed lies in the Coastal Western Hemlock 
forest, and the conifers Tsuga heterophylla (western hemlock), Thuja plicata (western red 
cedar), and Pseudotsuga menziesii (Douglas-fir) are the dominant forest species. The major 
riparian tree species were Alnus rubra (red alder) and Acer circinatum (vine maple), 
together with the shrub Rubus spectabilis (salmonberry), based on litterfall estimates 
(Richardson 1992). Mayfly Creek is a second-order stream with a bankfull width of ≈ 3 m, a 
slope of 0.08, and at an altitude of 315 m. Mean daily water temperature in the channels 
during the study period was 12 ºC. The stream is generally shaded by riparian vegetation so 
that stream temperatures vary at most 3 ºC daily (Richardson 1992). Physicochemical 
characteristics and hydromorphological variables are similar to other streams in the MKRF 
(e.g., Kiffney et al. 2003). 
                                                          
12 See Appendix IV to observe different pictures of the experiment 
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Experimental channels 
We built experimental channels in the lower reach of existing channels, which mimicked 
forest headwater streams in the coastal range of the Pacific coastal rainforest in British 
Columbia, Canada (for further details, see Richardson 1991, and Fig. 2.1a). A total of 16 
experimental channels (each 1.5 m x 0.15 m, with area of 0.225 m2 and slope of 3%) were 
used for this experiment. Channels were sealed with several layers of plastic sheets to 
remain watertight, and the top was covered with plastic net to avoid litter inputs from the 
surrounding forest. The substrate was 3-4 cm diametre rounded gravel placed to a depth of 
10 cm in each channel with interstices mostly filled with sand (< 5 mm diametre). The 
arrangement of experimental channels allowed for invertebrate access and leaf colonisation. 
Discharge estimates ranged from 0.17 to 0.42 L/s through each channel (3 replicates per 
channel taken one per collection date), but there were no significant differences among 
channels (1-way ANOVA, P > 0.05). Water temperature (mean 12 ºC, range 9.8 to 14.1 ºC) 
was continuously recorded with data-loggers. Experimental streams were flushed using a 
portable pump to reduce the residual coarse detritus and to allow the colonisation in 
channels 2 weeks prior to the beginning of the experiment. 
Leaf bags and drift nets 
A litter-bag approach was used to determine decomposition rates and invertebrate 
dynamics. Leaf bags were constructed using plastic net with 10-mm mesh as a frame (to 
create a volume for the leaves) surrounded with 1-mm-mesh size with 10 holes of 1.5 cm 
(Fig. 2.1c), to allow access for the largest invertebrates inhabiting the channels to the leaves 
while retaining small leaves such as cedar. Three different leaf types: alder (Alnus rubra, A), 
cedar (Thuja plicata, C) and eucalyptus (Eucalyptus globulus, E), plus a mixture of alder-
cedar (AC) were randomly assigned to channels under base-flow conditions in the 
experimental channels from 25 June to 18 September 2007. Each leaf bag had 4 g total litter 
in all treatments, with the mixed-species treatment in equal proportion by mass (2 g of each 
leaf type). Leaves were selected according to different aspects: red alder (native species) 
was selected because of its high nitrogen content (Triska et al. 1975), red cedar (native 
coniferous species) was selected because of its dominance in the area, and the exotic 
eucalyptus tree was chosen due to its high use in plantation forestry and to further compare 
dominant consumer-resource interactions with European streams which are typically 
reforested with eucalyptus. The three leaf types differ in structure and chemical 
composition (Canhoto and Graça 1995, 1999; Richardson et al. 2004). The collection of 
leaves occurred after abscission and were captured on plastic nets below trees in the MKRF, 
previous to the experiment, or from northwest Spain (in the case of eucalyptus leaves), and 
transported to the laboratory, air-dried and weighed into batches of 4.00 ± 0.01 g. After 
weighing, each batch was remoistened to render leaves pliable, and the leaves were placed 
in mesh bags and stored for 24 h at room temperature. 
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The experimental set-up resulted in a complete block design in which each channel was an 
independent replicate, with only one leaf type per channel (see Fig. 2.1). A total of 176 leaf 
bags were constructed for the experiment (n = 48 per leaf treatment, and 16 control bags (n 
= 4 replicates per leaf type). Initially, 96 leaf bags (4 leaf types x 4 replicate channels x 6 
dates) were exposed in channels, and the rest (n = 80) were added, at each collection time 
(1 leaf bag per channel per date), to balance the experiment and to avoid the complete 
elimination of food by replacement. Collections of leaf bags from the channels were at 0, 7, 
14, 28, 42 and 56 days. One leaf bag was randomly removed from each channel on each 
sampling date and immediately sealed and labelled in plastic zip-lock bags. Then, samples 
were kept on ice for transport bags prior to further processing in the laboratory. 
a) b) c)
1 mm mesh size
(cover)
10 mm mesh size
(below)
holes
 
 
Figure 2.1. Experimental channels constructed near Mayfly Creek for the experiment. 
Photos show the different parts of the channels: a) mixing box, which allows the 
complete mix of the water, b) lower part of the channels with one outflow pipe per 
channel which allow the attachment of drift nets when necessary, and c) leaf bag 
constructed using a 10-mm and 1-mm-mesh size. Five holes of 1.5-cm were made to 
allow the colonisation of larger macroinvertebrates. 
Drift rates were measured with one drift net (100-μm-mesh) per channel installed on the 
channel outflow pipe (the entire flow could be filtered, see Fig. 2.1b). One drift net per 
channel was placed for the 24 h period immediately prior to collection of leaf bags, to avoid 
confounding effects due to the collection and replacement of bags. Later, drift nets were 
collected at each collection time and invertebrates were preserved in 70% ethanol until 
their analysis in the laboratory. Drift density was estimated as number of invertebrates 
drifting per 100 m3 of stream water (Hauer and Lamberti 1996). 
Laboratory procedure 
Once in the laboratory, leaves were carefully removed from bags and individually rinsed 
with water onto a 100-µm-mesh sieve to remove the adhering detritus and to separate 
invertebrates from leaves. Invertebrates (removed by hand sorting) were sorted in a white 
enamel pan containing water and preserved in 70% ethanol. Leaf litter was oven-dried at 55 
ºC (until constant mass) and weighed to the nearest 0.01 g. These procedures were 
completed within 24 h after each collection time. Sub-samples (10% of each sample) were 
ashed at 550 ºC for 1 h to estimate ash-free dry mass (AFDM). Control bags were used to 
correct for humidity and handling. After weighing, leaves were stored for further 
stoichiometric analysis in northwest Spain.  
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Invertebrates were identified to the lowest practical taxonomic level under a 
stereomicroscope (Nikon SMZ645 at 5X) and a microscope (Olympus U-TV1X at 40X), 
counted and assigned to functional feeding groups (Merritt et al. 2008).  
Stoichiometric analysis of leaf litter 
Dried leaf samples were ground and homogenized using a ball mill (RETSCH MM200). For C 
and N analysis, samples were weighed in tin capsules to the nearest 1 mg (Mettler Toledo 
AB104 balance, Switzerland) and analysed with a Carlo Erba EA 1108 CHN analyser (Fisons 
Instruments, Milan, Italy). For P analysis, samples were weighed, acid-washed and pre-
ashed into ceramic crucibles and ashed at 550 ºC. Then, leaves were acid digested (HNO3 
69%) in a LT100 micro-digestor at 140 ºC until evaporation (Thermostat DR Lange) and 
removed with HNO3 2% for subsequent determination by atomic absorption (ICP-OES 
Optima 4300 DV, USA). All data were presented as either % C, N and P of dry mass or as 
molar ratios. 
Data analyses 
Leaf processing and nutrient content. Remaining leaf dry mass was calculated as the ratio 
between final and initial dry mass (after correcting for humidity and handling) and 
expressed as a percentage. Leaf decomposition rates were calculated as the rate coefficient 
(k) by regressing remaining leaf dry mass (%) against time in the channels (days) using the 
exponential decay model (Petersen and Cummins 1974). Leaves belonging to the mixed 
treatment were treated independently to evaluate both leaf processing and nutrient content, 
and therefore, we had five treatments. Analysis of covariance (ANCOVA) with time as a 
covariate (i.e., not including time 0) was used to test for differences in breakdown rates 
among leaf species (alder, alder mixed, cedar, cedar mixed and eucalyptus). Subsequent 
pair-wise comparisons were performed with Tukey´s test. We used analysis of variance 
(ANOVA) followed by Tukey tests to examine differences of chemical properties among leaf 
treatments at the initial (t0) and the end of the experiment (t56). We tested for normality 
using the Shapiro-Wilk test, and square-root transformation was used to meet the 
assumption of homogeneity of variances. Linear regressions were used to determine if there 
was a relationship between decomposition rates and leaf nutrient contents or invertebrate 
densities (i.e., colonizing and drifting from leaves). 
Invertebrate colonisation and drift. Densities of invertebrates colonizing the leaf bags and 
numbers drifting from the channels were analysed using analysis of variance (ANOVA). The 
ANOVA model included two factors: leaf type (4 levels, fixed factor) and time (5 levels, not 
including time 0, random factor). When significant differences among the main factors or 
their interactions were found, Tukey tests were used as post-hoc comparisons. Data were 
log(x+1)-transformed when necessary to remove heteroscedasticity (Underwood 1997). For 
these analyses the SPSS software was used (version 16.0, SPSS Inc., Chicago, IL, USA). 
SIMPER analysis was performed to identify the species that most contributed to 
assemblage’s similarity or dissimilarity between leaf types. Multivariate analysis was 
performed using the PRIMER software package (Clarke and Gorley 2006). Finally, simple 
linear regressions were used to determine if there was a relationship between colonisation 
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and drift densities. To better understand these relationships, total densities were also 
partitioned into two components, such as mature specimens (i.e., pupae and adults) and 
larvae. 
Results 
Leaf processing and nutrient dynamics 
Decomposition rates were represented as exponential functions (Table 2.1). Decomposition 
was significantly affected by leaf type (F4,94 = 61.42, P < 0.001) and leaf type x  time 
interaction (F4,94 = 3.6, P = 0.013), indicating that alder leaves decomposed more rapidly 
than cedar and eucalyptus leaves during the experiment (Table 2.1 and Fig. 2.2). Significant 
differences were found among all leaf types, except between alder single and mixed (P > 
0.05). Therefore, alder leaves, included in both single and mixed treatments, were classified 
as fast (k > 0.01, Petersen and Cummins 1974), and lost 50% of their initial leaf mass in less 
than 20 days (Fig. 2.2). However, cedar leaves (single and mixed) were classified as medium, 
and eucalyptus as slow (Table 2.1). At the end of the incubation period (56 days), amount of 
mass loss differed significantly between species. Alder leaves lost 89.4% and 88.3% in single 
and mixed treatments, respectively, while cedar lost 48.2% (mixed treatment) or 33.6% 
(single treatment), and eucalyptus 18.1%.  
Table 2.1. Mean values of the decomposition coefficient (k) (d-1) derived from an 
exponential decay model using days per unit time. Coefficient of determination (r2) and 
significance for model fit are also shown (n= 20). All decomposition rates were 
significantly different among leaf types (P < 0.05), except alder single and mixed. 
Leaf type k r 2 P
Alder single 0.040 0.95 < 0.01
mixed 0.039 0.95 < 0.01
Cedar single 0.007 0.91 < 0.01
mixed 0.009 0.79 < 0.01
Eucalyptus 0.004 0.85 < 0.01
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Figure 2.2. Decomposition of different leaf types in experimental channels over 56 days. 
Means (± SE) of the remaining leaf dry mass are shown for four samples (N = 120). 
Symbols represent different leaf types: alder (dark circle), alder mixed (open circle), 
cedar (dark triangle), cedar mixed (open triangle) and eucalyptus (dark square). 
Carbon content during decomposition showed small variation within leaf type (Table 2.2 
and Fig. 2.3). Initial phosphorus content was higher in alder than cedar or eucalyptus (Table 
2.2 and Fig. 2.3). In cedar and eucalyptus leaves P changes through time was more or less 
constant, but in alder leaves it was lost in a continuous way (Fig. 2.3). Interestingly, alder 
leaves lost more P when included in the mixed than in the single treatment (Table 2.2 and 
Fig. 2.3). 
Table 2.2. Nutrient content of leaves, expressed as percentages (C, N and P), at the start 
(t0) and end (t56) of the incubation period. Leaf types: alder, mixed alder, cedar, mixed 
cedar and eucalyptus. Superscript letters represent significant mean differences among 
leaf treatments, P < 0.05. 
Leaf type Treatment t 0 t 56 t 0 t 56 t 0 t 56
Alder single 48.3 ± 0.3  a 48.0 ± 0.2  a 2.1 ± 0.1  a 1.8 ± 0.1  a 0.09 ± 0.01  a 0.04 ± 0.0  b
mixed 48.3 ± 0.3  a 48.5 ± 0.1  b 2.1 ± 0.1  a 1.8 ± 0.1  a 0.09 ± 0.01  a 0.01 ± 0.0  c
Cedar single 49.8 ± 0.1  b 51.5 ± 0.1  b 1.0 ± 0.1  b 1.1 ± 0.1  b 0.05 ± 0.02  d 0.07 ± 0.0  d
mixed 49.8 ± 0.1  b 50.9 ± 0.2  c 1.0 ± 0.1  b 1.1 ± 0.1  b 0.05 ± 0.02  d 0.07 ± 0.01  d
Eucalyptus single 52.3 ± 0.8  c 54.1 ± 0.2  d 0.6 ± 0.0  c 0.8 ± 0.1  d 0.02 ± 0.0 e 0.02 ± 0.0  e
C% N% P%
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Meanwhile, alder leaves also had higher N content than cedar and eucalyptus leaves, and its 
concentration varied strongly over the incubation time (Table 2.2 and Fig. 2.3). Alder N 
contents increased from initial values, at days 7 and 14, to decrease abruptly afterwards 
(Fig. 2.3). Despite similarities between alder treatments, those leaves included in the mixed 
treatment showed smaller N gains than single leaves (Fig. 2.3).  
Leaf decomposition rates were positively related with the number of invertebrates 
colonizing leaf bags (Adjusted R2 = 0.38, F1,98 = 61.9, P < 0.001), and N content of leaves was 
positively related with the invertebrate density (Adjusted R2 = 0.27, F1,98 = 38.1, P < 0.001), 
but no relationship was found for leaf P content (P > 0.05). There were no significant 
relationships between decomposition rates or nutrient contents with invertebrate drift 
density (P > 0.05). 
 
Figure 2.3. Nutrients dynamics of carbon, nitrogen and phosphorus (C, N and P) of each 
leaf type along the incubation time (n = 4 replicates per time and leaf bag). Nutrient 
concentration is expressed as mg of nutrient content per gram leaf. 
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Colonisation of invertebrates 
Leaf bags were colonized by 63 taxa, though only 9 taxa contributed more than 0.1% each to 
the total abundance (Table 2.3). In general, invertebrates colonizing alder leaf bags (in both 
single and mixed treatment) showed approximately 70% average similarity with other leaf 
types, and these results were mostly determined by the abundance of the numerically 
dominant taxa. Although the invertebrate composition showed strong similarity, the total 
density of individuals colonizing leaf bags varied significantly due to leaf type (F3,60 = 89.27, 
P < 0.01), incubation time (F4,60 = 25.76, P < 0.01) and also due to the interaction between 
both main factors (F12,60 = 2.25, P < 0.05). There were more individuals colonizing alder 
leaves than other leaf types (Table 2.3 and Fig. 2.4). The mixed treatment was also colonized 
by many invertebrate species, in terms of densities, which differed significantly from those 
observed in cedar or eucalyptus leaves. 
Maximum densities were observed at day 28 in those channels supplied with alder leaves 
(single and mixed). After day 28, density of invertebrates inhabiting alder leaves decreased 
(Fig. 2.4). Nevertheless, eucalyptus and cedar were less colonized than other leaves, and 
maximum density values were found at the end of the incubation period. In general, mixed 
leaf bags were colonized by half the number of invertebrates that colonized alder leaves 
over the incubation period (52.5% on mixed leaves vs. 100% on alder leaves), while cedar 
and eucalyptus leaf bags were colonized by approximately a quarter of the invertebrates 
that colonized alder leaves (25.2% and 20.0%, respectively).  
Table 2.3. Density of invertebrates colonizing channels (number of animals (mean ± SE) 
per gram leaf per leaf type) over the incubation period (N = 20, resulting from 4 
replicates * 5 collection times). The taxa order is based on frequency and expressed as a 
percentage of the total abundance. Functional feeding groups are also included and 
represented by capital letters: collector-gatherers (CG), predators (P), collector-filterers 
(CF), shredders (SH). Note that the table shows only those taxa that contributed more 
than 0.1% to the total abundance. Superscript letters represent significant mean 
differences among leaf treatments, P < 0.05.  
Taxon name FFG Frequency (%) ALDER MIXED CEDAR
Corynoneura  spp. CG 36.06 215.14 ± 15.50 a 128.0 ± 14.44 b 82.40 ± 10.56 c 69.12 ± 5.45 c
Brillia retifinis SH 27.43 358.53 ± 77.72 a 180.28 ± 29.60 a 54.74 ± 10.91 b 39.06 ± 6.72 b
Orthocladiinae * CG 4.22 34.20 ± 7.66 a 19.78 ± 6.72 a 12.93 ± 3.05 a 10.30 ± 2.11 a
Tanypodinae  P 2.67 31.48 ± 10.65 a 11.68 ± 3.32 a 8.11 ± 2.99 a 6.44 ± 1.93 a
Naididae C 1.90 14.15 ± 5.76 a 7.74 ± 3.09 a 8.50 ± 5.95 a 7.49 ± 3.60 a
Tanytarsini CF 1.56 14.05 ± 4.81 a 8.84 ± 3.06 a 4.20 ± 1.20 a 3.55 ± 0.96 a
Chironomini C 1.12 11.20 ± 3.85 a 6.02 ± 2.10 a 3.43 ± 1.14 a 2.85 ± 0.90 a
Zapada  spp. SH 0.60 7.18 ± 2.01 a 2.10 ± 0.70 b 1.55 ± 0.49 b 0.99 ± 0.29 b
Lepidostoma  spp. SH 0.23 5.30 ± 2.81 a 0.35 ± 0.24 b 0.48 ± 0.22 b 0.35 ± 0.21 b
* Not including larvae of Brillia  or Corynoneura  species
EUCALYPTUS
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Figure 2.4. Colonisation pattern of invertebrates on each leaf type, expressed as number 
of individuals per gram of leaf dry mass (mean ± SE). Symbols represent different leaf 
types: alder (dark circle), mixed (open diamond), cedar (dark triangle) and eucalyptus 
(dark square). 
From these results, alder leaves seemed to be the preferred food resource. Invertebrate 
assemblages colonizing leaf bags were represented by different functional feeding groups 
(Table 2.3). Collector-gatherers and shredders were the most dominant groups in all leaf 
types, nevertheless collector-filterers and predators were also present. When each leaf type 
was observed independently, at time of maximum colonisation, a more precise pattern 
could be discerned (Fig. 2.5). Indeed, alder and mixed bags were colonized mostly by 
shredders and also by collector-gatherers (Table 2.3). However, leaf bags constructed with 
cedar and eucalyptus leaves had a high abundance of collector-gatherers (and also more 
predators and collector-filterers) but fewer shredders than alder ones. Brillia retifinis and 
Corynoneura spp. (both Orthocladiinae chironomids, but from different functional feeding 
groups) colonized all leaf bags at higher densities than other species. Zapada spp. 
(Plecoptera) and Lepidostoma spp. (Trichoptera) were the most abundant shredders, aside 
from B. retifinis, colonizing leaf bags during the incubation period, mostly in alder leaves 
(Table 2.3). Although these shredders appeared in lower abundance than other species, they 
may represent a proportionally higher biomass. 
CHAPTER 2 
70 
 
Figure 2.5. Invertebrate abundance (per leaf type) calculated for only those taxa that 
had relative abundances > 0.1%. Figure represents the percentage of different 
functional feeding groups at the time of maximum colonisation (t, in brackets). 
Functional feeding groups are represented by capital letters: collector-gatherers (CG), 
predators (P), collector-filterers (CF), shredders (SH). 
Drift density 
Invertebrates collected in drift nets were also diverse, though only 10 taxa showed 
abundances higher than 1% of the total numbers (Table 2.4). The subfamily Orthocladiinae 
(mostly B. retifinis and Corynoneura spp.) was the most abundant taxa group drifting from 
the channels as mature individuals (i.e., pupae and adults), while other taxa, such as Baetis 
spp. and simuliids, strongly contributed to the average similarity among leaf types (Table 
2.4). In general, total density of individuals drifting from the channels varied significantly by 
leaf type (F3,60 = 3.22, P < 0.05) and incubation time (F4,60 = 2.64, P < 0.05), without a 
significant interaction effect (F12,60 = 0.59, P = 0.84). There was higher number of individuals 
drifting from alder leaves (≈ 30% in single and mixed bags) than from cedar (22.3%) or 
eucalyptus leaves (19.5%).  However, when we eliminated from the analysis the mature 
individuals, we did not observe differences for either leaf type (F3,60 = 0.46, P = 0.71) or 
incubation time (F4,60 = 2.15, P = 0.08). 
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Table 2.4. Density of invertebrates drifting from channels (number of animals per 100 
m3 = mean (%) ± SE, per leaf type) over the incubation period (N = 20, resulting from 4 
replicates * 5 collection times). The taxa order is based on frequency and expressed as a 
percentage from the total abundance. Note that the table only shows those taxa that 
contributed more than 1% to the total abundance, which corresponds with the most 
important taxa discriminating treatments. Superscript letters represent significant 
mean differences among leaf treatments, P < 0.05. 
Taxon Name Frequency (%)
Orthocladiinae † 23.60 4.11 ± 0.82 a 5.48 ± 1.32 a 3.81 ± 0.91 a 3.53 ± 0.93 a
Brillia retifinis 17.87 3.93 ± 1.72 a 6.62 ± 4.10 a 3.71 ± 1.23 a 3.23 ± 0.86 a
Corynoneura  spp. 15.07 4.43 ± 1.51 a 3.78 ± 1.38 a 2.71 ± 1.27 a 4.99 ± 3.17 a
Baetis  spp. 5.50 0.68 ± 0.14 a 0.53 ± 0.17 a 0.46 ± 0.12 a 0.45 ± 0.13 a
Orthocladiinae * 3.47 0.74 ± 0.24 a 0.61 ± 0.17 a 0.67 ± 0.19 a 0.52 ± 0.15 a
Simuliidae 2.09 0.19 ± 0.08 a 0.11 ± 0.04 a 0.21 ± 0.10 a 0.26 ± 0.12 a
Hemiptera 1.12 0.11 ± 0.05 a 0.22 ± 0.06 a 0.30 ± 0.11 a 0.14 ± 0.06 a
Baetidae 1.11 0.18 ± 0.15 a 0.16 ± 0.08 a 0.30 ± 0.10 a 0.07 ± 0.04 a
† Matured individuals collected from drift nets (i.e., pupae and adults)
* Larval Individuals belonging to the subfamily Orthocladiinae not including Brillia  or Corynoneura  species
ALDER MIXED CEDAR EUCALYPTUS
 
Invertebrate dynamics and dominant species 
The total number of individuals colonizing the leaf bags per channel was related to the total 
number of individuals drifting from them (Adjusted R2 = 0.09, F1,98 = 9.1, P < 0.05). However, 
when drift density was fractioned into two components (mature individuals and larvae), the 
invertebrate colonisation was not related with larvae drift (Adjusted R2 = 0.01, F1,98 = 1.8,  P 
> 0.05), which may indicate that individuals drift from channels mostly as mature 
individuals (i.e., when most of its development was completed). 
Initially, Corynoneura spp. colonized all leaf types at higher proportions than B. retifinis. 
After the 1st week, density of B. retifinis increased at a higher rate than other species, and 
thus, the invertebrate dynamics observed in this study seemed to be mainly determined by 
the dynamics of the numerically dominant species B. retifinis (Fig. 2.6). 
A further graphical exploration of colonisation vs. drift dynamics, coupled with the 
combined representation of dominant taxa components of colonisation (B. retifinis) and 
drift numbers (total, mature individuals, B. retifinis), revealed differences in colonisation 
and drift rates depending upon the leaf type (Fig. 2.6). The colonisation dynamics of B. 
retifinis showed sigmoid patterns for all leaf types, except for cedar leaves where the 
colonisation was slow and it showed a negative asymptotic pattern (Fig. 2.6). Maximum 
rates of colonisation were observed in alder treatments (i.e., single and mixed) at day 28. 
We observed differences in both drift densities and composition depending upon the leaf 
types and mixtures. Drift was low at day 7, independent of leaf type, and later increased (Fig. 
2.6). The high percentage of total drift observed for alder leaves at day 14 was mainly due to 
the drift of Corynoneura spp. individuals. By day 14, 40% of individuals drifting from alder 
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leaves (i.e., single and mixed treatment) were pupae and adults, whereas this component of 
drift from cedar and eucalyptus leaves was only 20%. Interestingly, there was a high drift 
density of B. retifinis larvae from cedar and eucalyptus leaves over the study period (Fig. 
2.6). 
 
Figure 2.6. Cumulative plots of invertebrate densities (%) during the incubation time to 
compare the invertebrate dynamics in each leaf type: a) alder, b) mixed, c) cedar and d) 
eucalyptus (mean ± SE, n = 4). In each figure are represented colonisation densities (i.e., 
Brillia retifinis), and drift densities of total individuals, mature specimens (i.e., pupae 
and adults) and larvae of B. retifinis.  
Discussion 
We compared leaf decomposition rates, nutrient dynamics in leaves, and invertebrate 
responses as colonisation and drift, by manipulating native and non-native litter quality in 
stream-side channels on a small, temperate rainforest stream. The results were complex and 
showed interactions between species and ecosystem processes which may influence 
structural components and functioning in these streams. 
Decomposition and nutrient dynamics 
The sequence of decomposition rates of leaf species observed in this study was: Alnus rubra 
(single) ≥ A. rubra (mixed) > Thuja plicata (mixed) > T. plicata (single) > Eucalyptus globulus 
(single). Leaf decomposition rates of alder leaves (i.e., high-quality) tended to be faster than 
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for cedar and eucalyptus, which is consistent with previous studies (Webster and Benfield 
1986; Gessner and Chauvet 1994; Canhoto and Graça 1999; López et al. 2001; Lecerf et al. 
2007). Changes in the chemical composition and organic matter particle size reflect inherent 
changes in leaf quality and were proposed as useful predictors of decomposition (see Moore 
et al. 2004). Accordingly, alder leaves had initially higher nutrient content than the other 
leaves, which influenced higher decay rates and better quality resources for stream 
invertebrates. The initial increase in N content in alder and mixed leaf bags can be explained 
as a result of N immobilization by microbial and fungal activity (Webster and Benfield 1986; 
Gessner 1991). In contrast, nutrient contents (i.e., N and P) in cedar and eucalyptus leaves 
remained more or less constant during the incubation period. This result seems to be 
related with specific leaf traits more than by leaf origin/identity per se (Hladyz et al. 2009).  
In the present study, cedar leaves decomposed faster in the mixed treatment than in the 
single one, suggesting that rapidly decaying litter stimulates decay in adjacent, more 
recalcitrant litters (Gartner and Cardón 2004). Notwithstanding, N immobilization on 
single-alder leaves was higher than that observed on mixed ones. We suggest that there was 
a high density of shredders in single-alder leaves because of high N content, and thus the 
existence of a priming effect (Guenet et al. 2010). In this case, the cedar´s priming effect is to 
diminish the biofilm development on alder.  
Invertebrate dynamics 
Recent studies highlight the importance of species composition, dominance and intra-, and 
inter-specific relationships to achieve a more realistic view of what happens in nature 
(Woodward 2009). In the present study, we documented similarities in invertebrate 
community composition among the different leaf types supplied (70% of average 
similarity), mostly due to the great abundance of dominant taxa. However, invertebrate 
density, trophic structure (in terms of functional feeding groups) and thus colonisation and 
drift patterns strongly differed among leaf types. This different pattern of invertebrate 
colonisation influenced by the quality of leaf resources has been shown previously (Haapala 
et al. 2001; Lecerf et al. 2005; Hladyz et al. 2009). Our results support the idea that 
invertebrates, and especially shredders, depend on the rate and degree of biofilm processing 
of leaf litter to determine food value (Parkyn and Winterbourn 1997). Although one field 
experiment carried out in Spain has suggested no differences in total density of 
invertebrates in leaf packs in deciduous forested streams in comparison with eucalyptus 
ones (Larrañaga et al. 2006), other studies demonstrated similar differences as in this study 
(Abelho and Graça 1996; López et al. 2001; Chapter 1). 
Invertebrates that colonized leaf bags containing a mixture of labile and recalcitrant species 
responded with an intermediate pattern between both leaf types. The mixed treatment 
responded with an intermediate pattern between both leaf types, i.e., the numbers of 
invertebrates were directly proportional to the amount of alder. In addition, low 
invertebrate densities per gram of eucalyptus leaves were similar to those observed in 
single-cedar leaves, probably as a consequence of their poor nutrient-quality and physical 
properties. Despite using only one exotic species in the present study, our results indicate 
that these consumers did not discriminate among exotic and native leaves. Nevertheless, we 
suggest that replacing alder with eucalyptus (or cedar) in the area would lead to a strong 
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decrease in the productivity of these ecosystems (Wipfli and Musslewhite 2004; Wipfli et al. 
2007) since total colonisation density of these leaf bags was 5 times lower than that of alder 
leaves. 
In the present study, drift density varied over the incubation period and seemed to be 
influenced by leaf qualities. In general, there were more individuals drifting from channels 
with alder leaf bags than from channels with cedar or eucalyptus. However, when we 
excluded pupae and adults from the analyses (i.e., mature specimens), we did not find 
statistical differences among leaf types, and thus it is possible that some drift responses may 
be related to life-stage specific processes (Shearer et al. 2003). Even though we found weak 
relationships, our results showed that it has more to do with emergence and maturing 
individuals, than the larval stage. 
Some studies have suggested that taxa exploiting patchily distributed resources such as leaf 
packs are among the most likely to enter the drift (Townsend and Hildrew 1976; Mackay 
1992), and Orthocladiinae species are one of the most abundant groups drifting during 
warmer months in north-temperate streams (Coffman 1973). Our drift samples included a 
variety of taxa, though dominant species drifting from the channels were Orthocladiinae 
that colonized leaf bags (including pupae and adults). The main difference between 
colonisation and drift samples was the absence of Baetis spp. (scraper) and simuliids 
(collector-filterer) in leaf bags. Meanwhile, Zapada spp. and Lepidostoma spp. (shredders) 
appeared only in leaf bags but not in the drift. These differences can be explained, in part, by 
traits of individual species, their food and habitat requirements). 
Dominant species 
The numerically dominant taxa inhabiting leaf bags were larvae of the midges B. retifinis and 
Corynoneura spp., but their colonisation patterns showed differences among leaf litter 
treatments. Corynoneura spp. colonized leaf bags during the first days and after that, B. 
retifinis increased. Therefore, Corynoneura spp. seems to be more of a fugitive (or pioneer) 
since it comes in quickly but also gets displaced quickly, and B. retifinis seems to track shifts 
in resource abundance by virtue of its short generation time, and colonize leaf bags by 
replacement of Corynoneura spp. These results demonstrate a very striking pattern, 
previously observed in these two genera (Richardson 1991, 1992), which may respond to 
the successional replacement of the dominant closely-related species that use leaves as a 
common habitat (food and refuge, see Allan 1995).  
The structural traits of particular leaf species are important to test in consumer-resource 
interactions and their effect on ecosystem functioning (Kominoski et al. 2011). In the 
present study, different inter-specific invertebrate responses were observed among leaf 
types, mostly on dominant chironomid species. In those channels incubated with alder 
leaves (single or mixed), there was (i) a high number of mature specimens (i.e., pupae and 
adults) of B. retifinis drifting from the channels at day 28 and 48, indicative of the 
completion of their life cycle, and (ii) a maximum larval drifting of B. retifinis at day 42, 
when only 20% of leaf mass remained in the alder bags, indicative of a potential food 
quantity limitation by following a previous study that demonstrated behavioural, numerical 
and life history responses to fluctuations in resource level (Rowe and Richardson 2001). 
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Meanwhile, the highest total drift from rich-quality leaves was at day 14, due to the early 
drift of Corynoneura spp., the other dominant species. Corynoneura spp. is a collector-
gatherer that emigrates from the leaf bags as other colonizers establish on the leaves. 
Corynoneura spp. appears to be a pioneer species, and may be influenced by an inter-specific 
interaction with B. retifinis. In accordance with Swan and Palmer (2006), our results 
indicated that identity of resource species may be more important for detritivore 
performance than species richness per se.  
Following from the above discussion, drift of shredders (mostly B. retifinis) inhabiting 
channels with slow- and medium-decomposing leaves would occur as they search for better 
quality food patches (i.e., a density-dependent mechanism) but not for food quantity 
limitation. However, different responses were observed between cedar and the other leaf 
types. A high larval drift of B. retifinis was found from cedar leaves during the first weeks, 
while there was a delayed colonisation pattern during the incubation period. We explain 
these results as a consequence of leaf-specific physical attributes of this conifer species such 
as small size, waxy coating and low nutrient contents. 
The study of predominant, strongly interacting species is important to understanding their 
role and influence on ecosystem functioning. In particular, B. retifinis seems to be adapted 
to alder leaves, exploiting their inputs as pulsed resources, while it does not show 
preference for either other native or non-native leaves (i.e., poor consumer-food response). 
Although our results do not show different colonisation patterns between cedar and 
eucalyptus, they should not be interpreted to mean that the planting of eucalyptus is 
inconsequential to consumer populations (e.g., reductions in productivity), and 
afforestations with exotic species should be carefully controlled.  
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Congeneric patterns in litter breakdown in two 
temperate forested headwaters 
 
 
 
 
 
 
 “Latitude is important to determine the distribution of species in ecological or evolutionary 
time since it includes many factors that interact and are correlated to each other”  
(Willig et al. 2003)
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Abstract 
We compared colonisation dynamics of invertebrate species during leaf decomposition in 
forested headwaters of the temperate zone belonging to different geographical locations: 
Galicia (NW Spain) and Vancouver (SW Canada). Both sites were selected for study due to 
the dominance of congeneric invertebrate species. The studied streams in the two regions 
were comparable with regard to hydromorphological and physicochemical characteristics. 
Field experiments consisted of incubations of leaves (alder and eucalyptus) that are food 
and habitat resource for invertebrates. Although eucalyptus trees are not common in 
Canada, we incubated leaves of this species to allow comparisons between streams of both 
regions. Our results indicated that congeneric tree species have high variability of nutrient 
content: alder leaves incubated in Galicia, Alnus glutinosa, had higher initial P content than 
its congeneric A. rubra, though their decomposition rates were similar (i.e., fast 
decomposing species). However, eucalyptus leaves incubated in Galicia, Eucalyptus nitens, 
had more initial N content and also decomposed faster than E. globulus leaves. Despite the 
different methodology used in each site (leaf packs vs. leaf bags; oven-dried vs. air-dried), 
alder leaves always decomposed faster than eucalyptus leaves. The biogeographical factor 
was the main source of variation on invertebrate assemblages (86.4%), followed by a strong 
leaf species influence. There were more invertebrates colonizing leaves in Vancouver than 
in Galicia, though alder leaves seemed to be always the preferred resource. There were 
profound differences on invertebrate densities, nevertheless a similar trophic structure was 
found between sites and leaf types. Brillia and Corynoneura spp. seem to be the most 
important species, a shredder and a collector-gatherer, with potential to strongly influence 
leaf processing and nutrient cycling. 
Keywords: Alder, Brillia spp., Congeneric shredders, Eucalyptus, Headwaters, Leaf 
processing, Temperate zone 
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Introduction 
Forested headwaters located in the temperate zone are strongly dependent on organic 
matter inputs from adjacent areas (i.e., donor-controlled systems) and consequently, leaf 
litter inputs from the riparian vegetation are the most important food resource (Fisher and 
Likens 1973). Headwaters are thus detritus-based ecosystems that are numerically 
dominated by a restricted number of detritivore species (Cummins et al. 1989; Heard and 
Richardson 1995; Graça 2001; Boyero et al. 2011).  
The existence of an organism in a single habitat (i.e., at local-scale) depends on the 
availability of resources and its chemical properties (Swan and Palmer 2006; Tiegs et al. 
2008), together with other factors such as litter species, stream morphology and hydraulic 
characteristics (Kobayashi and Kagaya 2005) that influence their capacity to colonize the 
resource (Power et al. 1988). However, the local invertebrate assemblage is also influenced 
by regional processes. Latitude is important to determine the distribution of species in 
ecological or evolutionary time, since it includes many factors (e.g., temperature, 
seasonality) that interact and are correlated to each other (Willig et al. 2003). Several 
studies have demonstrated a remarkable worldwide similarity on invertebrate’s 
distributions within and across continents, regions or biomes (see Vinson and Hawkins 
1998 for a review), nevertheless there are no specific studies comparing single habitats such 
as leaf packs, from a biogeographical perspective. In particular, the midges of the family 
Chironomidae are often one of the most numerically-abundant groups associated with leaf 
detritus, and also account for most of the macroinvertebrates inhabiting freshwater 
environments (Hutchinson 1993; Cranston 1995). We suggest that comparative studies may 
be an important approach to identify ecological patterns on invertebrate trophic structure 
across broad spatial-scales. 
The present paper aims to study invertebrate colonisation dynamics during leaf breakdown 
in two small, forested streams from different biogeographical regions characterized by a 
temperate climate (Pacific and Atlantic). To achieve our objectives, we compared results 
obtained from two field experiments (streams and stream-side channels) carried out in 
forested temperate headwaters which share congeneric invertebrate species and riparian 
tree species. We also added an exotic tree species for further comparisons. Therefore, we 
analysed ecological similarities on the role of dominant species in leaf processing by taking 
into account that tree species differed in their leaf traits. 
Material and Methods 
The complete details of the materials used and the experimental design approach used for 
both field incubations are explained in Chapters 1 and 2. In this study, the information 
obtained from previous work in Galicia and Canada was compiled to generate an 
invertebrate database and to compare both sites in terms of leaf decomposition, nutrient 
content and invertebrate dynamics. 
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Study sites 
Field incubations were performed in Galicia (NW Spain) and Vancouver (SE Canada). Both 
sites have abundant forested headwaters and share hydromorphological features, water 
composition and climate (see Table 3.1). In Galicia, the study was carried out in the Mera 
stream (42º 59' N 7º 38' W). In this region the climate is continental oceanic, characterized 
by mean annual temperatures of 12.6 ºC and annual mean precipitation of 991.5 mm (Pardo 
and Álvarez 2006). Particular characteristics of the riparian and terrestrial adjacent 
vegetation, water composition and flow conditions have been previously described for that 
stream in López et al. (2001). In Vancouver, the incubation was carried out in field 
mesocosms (i.e., stream-side channels) located in the University of British Columbia’s 
Malcolm Knapp Research Forest (MKRF), near Maple Ridge, British Columbia (49°16’N, 
122°34’W). In this region, the climate is also continental oceanic, wet-temperate and with 
annual precipitation around 2200 mm (Kiffney et al. 2004). The riparian and terrestrial 
vegetation, as well as the different physicochemical characteristics and hydromorphological 
variables are similar to other streams in the MKRF and have been previously described 
(Richardson 1992; Kiffney et al. 2003). 
Table 3.1. Mean annual physicochemical and morphological parameters of the studied 
streams in which both experiments were carried out: Mera Stream (NW Spain) and 
Mayfly Creek (SW Canada). Temperature and discharge values were measured directly 
during the incubation period (i.e., spring-summer)*. 
Parameters
Mera 
Stream 
Mayfly 
Creek 
Altitude (m) 520 315
Average width (m) 3 3
Phosphate (PO4, µg/L) 30 10
Nitrate (NO3, µg/L) 1610 230
Calcium (Ca2+, mg/L) 1.7 1.5
pH 6.4 6.8
Conductivity (µS/s) 41 20
* Temperature  (ºC) 10.5 11.9
* Discharge (m3/s) 0.17 0.26  
Experimental design 
Field experiments consisted of incubations with packs and bags constructed with 5 and 4 
grams of leaves, in Galicia and Vancouver respectively. Similar tree species were selected to 
carry out both incubations and covered a similar range of variation, in terms of 
decomposition rate (fast vs. slow), nutrient quality (rich vs. poor), and origin (native vs. 
exotic). The tree species selected were: two congeneric alder species (Alnus glutinosa in 
Galicia, A. rubra in Vancouver), which are native riparian tree species, and two eucalyptus 
species (Eucalyptus globulus and E. nitens), which are exotic species. Eucalyptus species are 
frequently introduced in Spain with commercial aims but not in Canada.  
CHAPTER 3 
86 
The methodology used in each experiment was similar, though it slightly differed between 
sites. Initially, leaves were directly picked from trees. After collection, leaves used in Galicia 
were pre-dried into the oven (55 ºC) while leaves used in Vancouver were air-dried. Later, 
in Galicia leaves were directly placed on the stream bed as leaf packs, while in Vancouver 
leaves were placed on 1-mm mesh bags (with 10 holes of 1.5-cm, see specific details of leaf 
bags in Chapter 2). The incubations lasted for 38 days in Galicia (from mid-May to mid-June 
1996) and for 56 days in Vancouver (from late June to mid-September 2007), with a total of 
6 collection times in each experiment.   
On each sampling date, leaf packs/bags were randomly removed from the stream/channels 
(n = 4) and immediately sealed and labelled in plastic zip-lock bags, at cool temperature, 
prior to further processing. Once in the laboratory, specimens were washed on a 200-µm-
mesh net and preserved in 70% ethanol until their taxonomic identification. Leaf litter was 
oven-dried at 55 ºC (until constant mass) and weighed to the nearest 0.01 g. Sub-samples of 
leaves (10% of each sample) were ashed at 550 ºC for 1 h to estimate ash-free dry mass 
(AFDM). These procedures were completed within 24 h after collection. After weighing, 
leaves were stored for posterior elemental analysis. Invertebrates were identified to the 
lowest possible taxonomic level under a stereomicroscope (Nikon SMZ645 at 5X) and a 
microscope (Olympus U-TV1X at 40X). They were counted and assigned to functional 
feeding groups by following Merritt et al. (2008). 
Elemental analysis of leaf litter 
Dried leaf samples were ground and homogenized using a ball mill (RETSCH MM200). For C 
and N analyses, samples were weighed in tin capsules to the nearest 1 mg (Mettler Toledo 
AB104 balance, Switzerland) and analysed with a Carlo Erba EA 1108 CHN analyser (Fisons 
Instruments, Milan, Italy). For P analyses, samples were weighed, acid-washed and pre-
ashed into ceramic crucibles and ashed at 550 ºC. Then, leaves were acid digested (HNO3 
69%) in a LT100 micro-digestor at 140 ºC until evaporation (Thermostat DR Lange) and 
removed with HNO3 2% for subsequent determination by atomic absorption (ICP-OES 
Optima 4300 DV, USA). All data were presented as either %C, N and P of dry mass or as 
molar ratios. 
Species of interest 
We studied the role of the genus Brillia (Diptera: Chironomidae), the dominant shredder 
colonising experimental leaf packs/bags in both sites (Richardson 1991; Chapter 1 and 2). 
However, each region had its particular species: B. bifida as the Spanish species and B. 
retifinis, its congeneric counterpart in Canadian streams. Both species have a multivoltine 
life cycle, very short generation times and extremely high densities mostly during 
summertime. 
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Data analysis 
Remaining leaf dry mass was calculated as the ratio between final and initial dry mass (after 
correcting for humidity and handling) and expressed as a percentage. Leaf decomposition 
rates (k) were calculated by regressing the remaining leaf dry mass (%) against time (days) 
in the channels (Petersen and Cummins 1974). We used analysis of covariance to compare 
leaf decomposition. Site (Galicia and Vancouver) and leaf type (alder and eucalyptus) were 
the main factors, and time (not including day 0) was the covariate. The initial nutrient 
content of leaves (N and P) was analysed with a two-way ANOVA to estimate differences 
between sites and leaf types. Later, we compared nutrient contents (%N and P), 
invertebrate densities and richness using a tree-way ANOVA, in which 2 sites, 2 leaf types 
and 5 collection times were the main factors. We used post-hoc Tukey test for multiple 
comparisons. Data were square-root or log(x+1)-transformed when necessary to remove 
heteroscedasticity (Underwood 1997). These analyses were performed using the SPSS 
software (version 16.0, SPSS Inc., Chicago, IL, USA). In addition, the PRIMER software 
package (Clarke and Gorley 2006) was used i) to analyse if invertebrate assemblages 
differed between sites and leaf types with a 2-way ANOSIM, and ii) to identify the species 
that mostly contributed to the invertebrate assemblage between leaf types or sites with a 
SIMPER analysis (SIMilarity PERcentage).  
Results 
Water temperature, discharge, pH, calcium, water conductivity and other 
hydromorphological parameters were similar between sites (Table 3.1). There was no 
rainfall during the incubations in the different sites. Nevertheless, the Galician stream had 
higher nutrient content than the Canadian one, and mean temperature was slightly higher in 
Mayfly Creek (Canada). 
Leaf decomposition 
Decomposition rates were significantly faster in Galicia than in Vancouver (F1,75 = 43.42, P < 
0.001), though different responses were observed regarding to the leaf types. Alder leaves 
incubated in Galicia lost about 50% of the initial leaf mass in only 10 days, while in 
Vancouver this lost was delayed until the day 28. On the other hand, eucalyptus leaves 
incubated in Galicia lost the 50% of the initial leaf mass in 24 days, while this fact was not 
observed in Vancouver since at the end of the experiment there was about 81.2% of 
eucalyptus leaves remaining in the channels. In general, alder leaves decomposed faster 
than eucalyptus leaves (F1,75 = 99.81, P < 0.001, Fig. 3.1). 
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Figure 3.1. Loss rates of leaves from litter bags/packs through time based on a linear 
model for Galician (top) and Vancouver (down) incubations. Percent of remaining leaf 
dry mass expressed relative to initial amount (mean ± SE). 
 
Following Petersen and Cummins (1974), we classified both alder species (A. glutinosa and 
A. rubra) as fast decomposing species, while eucalyptus species varied its decomposition 
rate and were included in the fast group (Eucalyptus nitens) or in the slow category (E. 
globulus, Table 3.2). 
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Table 3.2. Mean values of final remaining leaf mass (± SE, %) and decomposition 
coefficients (k, d-1) derived from an exponential decay model using days per unit time. 
Coefficient of determination (R2) is shown and each relation was significant at P < 0.01 
(N = 20, resulting from 4 replicates and 5 collection times, excluded time 0). Total 
incubation times in each experiment are also included. 
Site Leaf species
Incubation time 
(days)
Final Remaining 
DM    (%)               
k  (loss 
rate d-1)        
adj. R2 N
GALICIA Alnus glutinosa 45 0.2 ± 0.15 0.094 0.78 ** 20
Eucalyptus nitens 45 9.3 ± 2.87 0.031 0.75 ** 20
VANCOUVER Alnus rubra 56 10.6 ± 0.98 0.04 0.93 ** 20
Eucalyptus globulus 56 81.9 ± 1.28 0.004 0.78 ** 20
 
Nutrient dynamics 
Initial nutrient content of leaves (i.e., time 0) varied across sites and leaf types (interaction 
effect; F1,12 = 45.43; P < 0.001 for N, and F1,12 = 233.7; P < 0.001 for P). In general, leaves 
incubated in Galicia had higher initial nutrient contents (N and P) than those incubated in 
Vancouver. Indeed, alder leaves incubated in Galicia, A. glutinosa, showed 2 times more P 
content (and slightly more N) than its congeneric species A. rubra (Table 3.3). E. nitens 
(Galicia) had twice the N content (and slightly more P) than E. globulus (Table 3.3). 
Table 3.3. Mean nutrient contents (N and P) of alder and eucalyptus leaves from both 
studied sites (± SE, n = 4). Values for initial composition, maximum invertebrate 
colonisation (i.e., 38 days in Galicia for both leaves and 28-42 days in Vancouver for 
alder and eucalyptus, respectively) and final collection are shown. 
Initial Final Initial Final 
GALICIA Alnus glutinosa 2.211 ± 0.02 1.965 ± 0.01 0.201 ± 0.01 0.030 ± 0.01
Eucalyptus nitens 1.572 ± 0.14 1.469 ± 0.13 0.023 ± 0.01 0.038 ± 0.01
VANCOUVER Alnus rubra 2.078 ± 0.08 1.761 ± 0.04 0.092 ± 0.01 0.040 ± 0.01
Eucalyptus globulus 0.630 ± 0.03 0.843 ± 0.04 0.018 ± 0.01 0.017 ± 0.01
P (%)N (%)
Site Leaf species
 
Three-way ANOVA revealed that the nitrogen content was significantly affected by the 
interaction among site, leaf type and time (F5,72 = 5.55, P < 0.01). N content of alder leaves 
increased during the 2nd and 3rd collection times, independently of the site, and later 
decreased abruptly. Meanwhile, N content of eucalyptus leaves showed less variation during 
the incubation period (Fig. 3.2). P content was also significantly affected by the interaction 
among site, leaf type and time (F5,72 = 24.22, P < 0.01). Therefore, P content of alder leaves 
decreased during the incubation time, in both sites, though this fact was strongly marked in 
the Galician species (A. glutinosa). Regarding to eucalyptus leaves, the P content followed a 
similar pattern in both sites (Fig. 3.2). 
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VANCOUVERGALICIA
 
Figure 3.2. Nutrient dynamics (N and P) of each leaf type in both sites at each collection 
time (n = 4). Alder leaves are represented as black circles and eucalyptus leaves as 
white circles. Nutrient concentration is expressed as percentages (mean ± SE). 
Invertebrate composition 
Invertebrate richness in leaf packs varied significantly due to the interaction between site 
and leaf type (F1,60 = 7.05, P < 0.01), but there was no time effect (F4,60 = 0.31, P = 0.87). 
There was higher invertebrate richness in Vancouver (≈ 10 taxa) than in Galicia (Fig. 3.3). 
Invertebrate richness from Vancouver incubations was similar among leaf types, while in 
Galicia invertebrate richness differed among leaf types. The lowest richness (≈ 6 taxa) was 
observed in A. glutinosa leaves (Fig. 3.3). 
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Figure 3.3. Mean invertebrate richness (± SE) of invertebrates inhabiting leaf 
packs/bags during the incubation in both sites (n =20). White columns represent the 
alder leaves and black columns the eucalyptus ones. 
Invertebrate density colonising leaves was significantly influenced by the interaction among 
site, leaf type and time (F4,60 = 2.59, P < 0.05). Leaves incubated in Vancouver (A. rubra and 
E. globulus) showed higher densities than in Galicia (A. glutinosa and E. nitens). In both sites, 
alder leaves showed higher invertebrate densities than eucalyptus leaves after the 3rd 
collection time (Fig. 3.4). 
 
Figure 3.4. Mean invertebrate densities (± SE) colonising different leaf species during 
the incubation at both sites (n = 4). Alder leaves are represented as circles and 
eucalyptus leaves as triangles. Leaf species used in the Canadian stream are represented 
by dark symbols, while those used in the Galician stream are represented by white 
symbols. 
CHAPTER 3 
92 
The invertebrate composition that colonized leaves differed significantly between sites (2-
way ANOSIM, R2 = 0.877, P < 0.001) and between leaf types (2-way ANOSIM, R2 = 0.233, P < 
0.001). Invertebrate assemblages were analysed by the SIMPER routine indicating that the 
dissimilarity between sites was up to 86.4%. Moreover, invertebrate composition in Galician 
stream showed greater differences between leaf types than that observed from the 
Canadian stream (Table 3.4). Anyway, the invertebrate composition inter-sites was fairly 
similar in terms of functional feeding groups (Table 3.4). 
Table 3.4. Density (nº individuals per leaf gram) and relative abundance (%) that 
represents the percentage of contribution of each invertebrate species colonizing 
different leaves in both studied sites resulting from the SIMPER analysis. 
Site Leaf Type Taxon
Density              
(mean ± SE)
Relative 
abundance 
(%)
Average 
dissimilarity 
(%)
Galicia Alder Brillia bifida 139.2 ± 38.7 55.91
Orthocladiinae Gen. sp. 4.9 ± 2.2 13.23
Corynoneura  spp. 4.1 ± 2.1 9.29
Chironomini Gen. sp. 12.8 ± 7.9 8.48
Protonemura  spp. 4.7 ± 3.1 5.99
Eucalyptus Brillia bifida 10.6 ± 2.6 50.16
Corynoneura  spp. 1.6 ± 0.4 11.93
Orthocladiinae Gen. sp. 1 ± 0.2 11.14
Chironomini Gen. sp. 0.7 ± 0.2 9.11
Simuliidae Gen. sp. 3.3 ± 1.7 8.73
64.8
Vancouver Alder Corynoneura  spp. 215.1 ± 15.5 30.06
Brillia retifinis 358.5 ± 77.7 26.51
Orthocladiinae Gen. sp. (pupa) 35 ± 8.5 12.36
Orthocladiinae Gen. sp. 17.1 ± 3.8 7.12
Tanypodinae Gen. sp. 31.5 ± 10.7 6.88
Zapada  spp. 7.2 ± 2 4.49
Chironomidae  Gen. sp. Ad. 5.5 ± 1.3 4.17
Eucalyptus Corynoneura  spp. 69.1 ± 5.5 36.03
Brillia retifinis 39.1 ± 6.7 26.53
Orthocladiinae Gen. sp. (pupa) 4.9 ± 0.8 9.74
Orthocladiinae Gen. sp. 5.2 ± 1.1 8.76
Tanypodinae Gen. sp. 6.4 ± 1.9 7.25
Tanytarsini Gen. sp. 1.8 ± 0.5 3.56
39.1  
The contribution of different functional feeding groups inhabiting bags/packs of different 
leaf types could be best observed at the time in which the colonisation achieved the 
maximum values (Fig. 3.5). Shredders accounted for more than 68% of the 
macroinvertebrates density in both experiments/sites, except for eucalyptus leaves in the 
Vancouver incubation (≈ 38%).  
Invertebrate communities in both sites had in common two dominant genera belonging to 
the Chironomidae family: B. bifida and B. retifinis (shredders), in Galicia and Vancouver, 
respectively, and Corynoneura spp. (collector-gatherer) that colonized leaves at both sites. 
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Despite the high abundance of these taxa, their relative contribution in each site varied 
depending upon leaf species (Table 3.4).  
In Galicia, B. bifida (shredder) was the most abundant species colonizing all leaf types, and it 
contributed more than 50% to the total community abundance, and Corynoneura spp. 
(collector-gatherer) was the second species contributing around 10% (Table 3.4). In 
Vancouver, Corynoneura spp. and B. retifinis were the most abundant species colonizing 
both leaf types with a similar contribution to the total community (around 30%). 
On the other hand, there were also other species that contributed to the total community 
abundance through the leaf colonisation (Table 3.4). Different taxa belonging to the 
Chironomidae family were important contributors in both sites and leaf types. Alder leaves 
were colonised by other shredders, such as Protonemura spp. and Zapada spp. in the 
Galician and Canadian stream, respectively. Meanwhile, eucalyptus leaves were colonised by 
less shredders, but for more collector-filterers, such as Simuliidae spp. in the Galician 
stream, and Tanytarsini spp. in the Canadian stream. In addition, the presence of individuals 
belonging to the family Tanypodinae (predators) was always greater in Vancouver than in 
Galicia (Table 3.4). 
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Figure 3.5. Functional feeding groups that colonized different leaf species and sites, at 
maximum colonisation time (incubation corresponding dates between brackets): 
collector-gatherers (CG), predators (P), collector-filterers (CF) and shredders (SH). 
Discussion 
The present study represents a comparative analysis that attempts to find similarities in the 
ecological patterns followed by invertebrate colonisation during leaf decomposition in 
temperate forested headwaters. Invertebrate data were compared during similar seasons 
(i.e., spring and summer) and both studied stream sites (Mera stream and Mayfly Creek)
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resulted to be comparable in hydromorphological and physicochemical terms. There were 
slightly differences in water temperature at the time of the experiments. Nevertheless, mean 
temperature is usually around 12 ºC during the spring-summer period, despite the 
geographical distance between sites. 
Different studies have stated that decomposition rates are influenced by internal and 
external factors such as leaf properties, water composition, temperature, discharge and 
biotic communities (Webster and Benfield 1986; Abelho 2001). In the present study, 
decomposition rates differed significantly between sites, being faster in Galicia than in 
Vancouver. Although nutrient concentration in stream water could explain these 
differences, we suggest that the different methodology used in each site (i.e., oven-dried vs. 
air-dried; leaf packs vs. leaf bags) was the most important factor influencing decomposition 
rates. Indeed, previous studies have observed that faster decomposition rates would be 
achieved due to leaf oven-drying prior to the stream incubation or direct exposure in the 
stream channel (Boulton and Boon 1991; Bärlocher 1992; López et al. 1997; Gessner et al. 
1999). 
Anyway, alder leaves decomposed faster than eucalyptus in both stream sites. This fact was 
expected since different leaf traits, such as soft surface and tissues or high nutrient contents, 
are some of the responsible factors that accelerate leaf decomposition (Kaushik and Hynes 
1971; Enríquez et al. 1993). Initial nutrient content of alder leaves was 1-3 times higher 
than that observed for eucalyptus leaves, in Galicia and Vancouver respectively. 
Decomposition rates of alder and eucalyptus leaves, and also nutrient contents, were similar 
to previous results registered in other temperate streams (Cortés et al. 1994; Campbell and 
Fuchshuber 1995; Canhoto and Graça 1996; Molinero et al. 1996). In addition, we can 
observed from our results that Alnus glutinosa and A. rubra differed strongly on P content, 
while Eucalyptus nitens and E. globulus differed on N content. These results seem to indicate 
the existence of a high intra-variability between congeneric species of leaves, in terms of 
initial nutrient contents. 
Although small temperate forested streams are extensively studied, comparative studies of 
faunal assemblages in similar streams located at different latitudes are rare. In the present 
study, we described different ecological patterns on the invertebrate colonisation (richness, 
density) of these sites. In addition, we observed similar patterns with regard to the trophic 
structure. The SIMPER analysis showed that the main source of variation on invertebrate 
assemblages was the biogeographical context (average dissimilarity between sites = 86.4%), 
an expected result since invertebrate species were identified at the species/genus level.  
The general gradient of higher biodiversity toward the equator was checked for most 
stream taxa (Hillebrand 2004), but a recent study of shredder distribution between tropical 
and temperate ecosystems opposed this global trend (Boyero et al. 2011). In our study, 
invertebrate richness was significantly affected by site and leaf type. Therefore, the highest 
richness was found in Vancouver, independently of the leaf type (≈ 10 taxa) and the lowest 
one was found in alder leaves incubated in Galicia (≈ 6 taxa), though richness was similar. 
Our results indicated the importance of local characteristics in determining the invertebrate 
richness. In the Galician stream, the fast decomposition of alder leaves determined a low 
time exposure for invertebrate colonisation, probably influencing lower species richness.  
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There was an overwhelmingly dominance of invertebrates, mostly chironomids, colonizing 
leaves in the Canadian stream. The extremely high abundance of the family Chironomidae 
may be explained by a combination of biotic and abiotic factors (Oliver 1971). However, as a 
consequence of the strong effect that temperature seemed to have on abundance, density, 
and invertebrate growth-developmental parameters from the previous field and laboratory 
studies (Chapter 1, 3 and 4), we suggest that this factor may also be an important factor 
determining the invertebrate abundance and richness in Vancouver (e.g., the variation of 
temperature during the whole year is higher in Canada than in Galicia). In addition, leaf bags 
from the experimental channels represented a more protected habitat than leaf packs, 
which may favour these high densities in the Canadian stream.   
Leaf types influenced invertebrate densities at local-scale. Indeed, native-rich species (i.e., 
alder leaves) always showed higher invertebrate densities than exotic-poor leaves (i.e., 
eucalyptus). This fact was most marked in the Galician stream where the invertebrate 
composition differed in 64.8% between leaves, while in Canada only differed in 39.1%. 
Likewise, the strong effect of replacing alder trees by eucalyptus on different shredder 
species inhabiting leaves has been reported in many north-temperate streams (Basaguren 
and Pozo 1994; Cortés et al. 1994; Canhoto and Graça 1995; see also Chapter 1). 
Despite profound differences in invertebrate species composition due to the 
biogeographical context, the trophic structure (i.e., functional feeding groups) of 
invertebrates inhabiting leaves during the incubation period was exceptionally similar. 
Shredders were the most abundant functional group in both experiments, though this group 
was less important in eucalyptus leaves in Canada. Our results agree with other stream 
studies that have suggested the importance of a particular shredder species in forested 
headwaters (Dangles and Malmqvist 2004; Kobayashi and Kagaya 2005). From our results, 
we can suggest that shredders (mostly Brillia spp.) inhabiting these streams had a great 
ability to colonize leaf packs/bags, though it was also dependent on leaf traits, which 
indicates a strong potential to influence ecosystem functioning (see Chapter 1 and Chapter 
5). 
Invertebrates have an important influence (i.e., top-down regulation) on different 
ecosystem processes such as nutrient cycling, leaf decomposition, and translocation of 
materials (Wallace and Webster 1996). Although the whole assemblage is important for 
ecosystem functioning, some ecosystems are dominated by one or two species that may 
determine the ecosystem functioning (Power et al. 1996). Here, we observed that two genus 
Brillia spp. (shredder) and Corynoneura spp. (collector-gatherer) were the dominant species 
inhabiting leaves in temperate streams. Among the shredders, B. bifida was the dominant 
shredder species in Galicia and B. retifinis its Canadian counterpart. The fact that shredders 
and collector–gatherers co-dominate invertebrate communities in forested headwater 
streams is typical for heterotrophic systems. Indeed, several studies have reported leaf 
colonisation by Brillia spp. and Corynoneura spp., with similar patterns in Canada (B. 
retifinis, Richardson 1991), United States (B. flavifrons, Stout and Taft 1985; Grubbs et al. 
1995), as well as in Spain (B. bifida, Chapter 1).  
Interestingly, dominant species co-occurred with other invertebrate species resulting in a 
similar trophic structure between temperate biogeographical locations. Alder leaves were 
first colonized by dominant species, and then by other shredders such as Protonemura spp. 
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(Galicia) and Zapada spp. (in Vancouver). In contrast, eucalyptus leaves were first colonized 
by dominant species and then by collector-filterer species (Simuliidae and Tanytarsini, in 
Galicia and Vancouver, respectively). We suggest that this coexistence can be explained by 
the different feeding habits of the taxa. Alder leaves are usually the preferred food source 
for shredders, while eucalyptus species are less palatable to shredders (Kaushik and Hynes 
1971; Iversen 1974; Melillo et al. 1982; Graça 2001). However, collector-filterer species may 
use flat hard leaves as a habitat, not as food source, since they do not need to feed directly 
on leaves and then they collect fine particulate organic matter transported by the water 
(Cummins and Klug 1979).  
The present comparison demonstrated that the study of invertebrate distribution (richness, 
density and trophic structure) can offer a good approach to identify ecological similarities, 
and it also suggested that colonisation patterns of dominant species and their interactions 
are relavant to evaluate the functioning of temperate forested headwaters.  
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shredder´s life history traits 
 
 
 
 
 
 “The seasonal pattern of temperature and nutritive value of food significantly affects the life 
history characteristics of a variety of aquatic insect species”  
(Sweeney and Vannote 1984) 
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Abstract 
Brillia bifida (Kieffer, 1909) is a common detritivore colonizing leaf packs in NW Spanish 
headwaters. A laboratory experiment was conducted to complement previous results 
obtained in the field (see Chapter 1), and to test only the effects of water temperature and 
food quality on the development and growth of B. bifida. The experimental design included a 
repeated measurements analysis to have a continuous following of the development, and 
leaves were offered to larvae in discs to allow fully access to inner leaf tissues. Temperature 
seemed to be the most important factor influencing the life history of this species. Fast 
development time and high growth rates were observed under warm conditions. In 
addition, larvae feeding on eucalyptus leaves were bigger than those feeding on alder leaves, 
though in this study, leaves were offered to larvae as discs, which could have influenced 
these results. Similar results to those achieved in the field incubations indicated that both 
factors: temperature and food quality are important controls of the life history of this 
species, which could lead to potential negative effects on its development and growth, and 
thus to detritivore pathways. 
Keywords: Brillia bifida, Headwaters, Leaf quality, Life traits, Temperature 
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Introduction 
Detritus-based food webs represent the dominant pathway of energy and matter flow in 
stream ecosystems (Vanni 2002; Pretty et al. 2005; Swan and Palmer 2006). Primary 
consumers are obligatory dependent upon riparian allochthonous inputs that constitute a 
subsidy linking adjacent ecosystems (Richardson et al. 2010), but quality of detritus is 
expected to be relatively poor to the nutritional requirements of detritivores (Cross et al. 
2003).  
Traditionally, hydrological and thermal conditions in streams are two most important 
factors influencing the life histories of stream invertebrates (animal’s densities, body size, 
growth rates or life cycles) (Sweeney 1984; Hauer and Benke 1987; Atkinson 1994; 
Berrigan and Charnov 1994; Hildrew et al. 2007). Besides, quantity and quality of detritus 
inputs to stream ecosystems are also influenced by hydrology and temperature (Richardson 
1991; Wallace et al. 1995; Rowe et al. 1996; Lecerf et al. 2005; Kominoski et al. 2007), and 
determine its availability and utilisation by stream communities, with potential to limit 
nutrients available for consumer growth. This consequently influences trophic pathways 
and nutrient cycling in food webs (Elser and Urabe 1999; Woodward and Hildrew 2002; 
Frost et al. 2005; Wipfli et al. 2007). In addition, direct impacts on the riparian ecotone 
caused by humans have a potential to transform aquatic ecosystems dramatically by 
altering the quality, magnitude and timing of the litterfall that enter streams (Cummins et al. 
1989; Campbell 1994; Murphy and Giller 2000), stream flows and nutrient fluxes (Gomi et 
al. 2002). As a consequence of these environmental cues (i.e. proximate effects), 
invertebrates may evolve developmental adaptations in respect to the optimal strategy for 
utilization of available resources (Rowe and Ludwig 1991) and its potential life history 
performance (Atkinson and Hirst 2007). Those are further manifested on physiological, 
behavioural or genetic level and depend on individual bioenergetic requirements (Slansky 
and Scriber 1985; Swan and Palmer 2006), and the ultimate consequence is the modification 
of the natural consumer-resource link (Wallace and Webster 1996; Wallace et al. 1999).  
The roles of temperature and food quality have been investigated as the relevant 
environmental factors affecting life history traits of many species (Sweeney and Vannote 
1986; Hutchens et al. 1997; Graça 2001). Many studies have suggested significant effects on 
life cycles (Rowe and Ludwig 1991), survival (Smock and MacGregor 1988; Dieterich and 
Anderson 2000), body size (Atkinson 1994; Hildrew et al. 2007) and growth rate (Stout and 
Taft 1985; Friberg and Jacobsen 1999; Vos et al. 2000) under different temperatures and 
food qualities. However, the partition of variation for dependent variables (growth, survival, 
etc.) caused by multiple factors, such as temperature, food quality and a interactions effect 
between those two, is impossible to obtain without well controlled laboratory experiments 
(e.g., Persson et al. 2011). 
The aim of the present work was to study the effects of temperature and food quality on 
different growth-developmental parameters (e.g., size, growth rate, development time) of a 
dominant shredder (see Chapter 1), in order to disentangle both effects of temperature and 
food quality on growth-developmental parameters of this species and to have the potential 
to determine its ecological role in the detritivore pathways, as complementary evidences to 
the previous in-stream incubation.  
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Material and Methods13 
The present study consisted of a laboratory experiment, where we reproduced the 
seasonality of the stream temperatures and of some leaf species (see Chapter 1) under 
controlled conditions (i.e., in microcosms). This laboratory experiment was carried out in 
October 2004 aiming to reproduce the effect of temperature and food quality in the growth 
and development of B. bifida under controlled conditions. Previously to the laboratory 
incubation, recently fallen leaves were first collected in the riparian area of the Barxa 
stream and conditioned with stream water at room temperature, during 7 days for alder 
and 14 days for eucalyptus, to enhance leaf palatability (Canhoto and Graça 1996; Gessner et 
al. 1999) and to homogenize conidial production (Bärlocher et al. 1995). Then, leaves were 
cut into 10-mm discs with a cork borer from contiguous areas (i.e., assuming that discs had 
identical mass), facilitating the access to the larvae to the leaf tissue. Later, larvae were also 
collected in the same stream and transported quickly to the laboratory in containers with 
aeration. Once in the laboratory, larvae from the II-instar were picked and maintained under 
starvation for 2 days. Larvae had an initial mass of 0.028 mg (± 0.004 SE) without 
differences among leaves (2-way ANOVA, F2,66 = 0.63, P = 0.53) or temperatures (2-way 
ANOVA, F1,66 = 1.33, P = 0.25). 
The laboratory experiment involved six treatments (2 temperatures x 3 leaf species), each 
one replicated three times. Water temperatures corresponded to maximum seasonal values 
for the Mera stream (i.e., 12 ºC for autumn-winter and 17 ºC for spring), and leaf species 
included three types of leaves: alder (Alnus glutinosa (L.) Gaertn. (A)), eucalyptus 
(Eucalyptus globulus Labill subsp. globulus (E)), and a mixture of these two leaves (AE), 
which had an equal proportion of leaf discs, differing in its leaf traits and origin (López et al. 
2001; Canhoto and Graça 1999).  
The incubation started with a total of eighteen chambers (chambers of 6.4 cm2 base x 10 cm 
height, and total volume of 64 cm3), in which four II-instar larvae per chamber were reared 
until adult emergence. Each chamber was filled with 400 ml filtered water from the Barxa 
stream, which was aerated by a plastic pipette connected to an air pump in a 12:12 h light: 
dark period, and covered (0.5-mm-mesh-net) to prevent emerging adults from escaping. 
Larvae were removed every 2 days, measured and returned to the chambers by following a 
repeated measures design. Total larval body length (BL) was measured at each collection 
time, as described for the in-stream incubation, and larval biomass (DM) was estimated 
from the Equation 1 (more details in Chapter 1). Since each chamber represented an 
experimental unit, all larvae within each chamber were pooled at each collection time to 
estimate growth rates. The daily instantaneous growth rate (g) was calculated using the 
following the Equation 2: 
DM (mg) = 0.0023BL(mm) 2.73 (r2 = 0.85; N = 146; range = 0.008-0.492)                               [1] 
g = (ln [MDMt] - ln [MDM0]) / ∆t                                                                                              [2] 
where MDMt and MDM0 are final and initial mean individual dry mass, and t is the number of 
days between both measurements.  
                                                          
13 See Appendix IV to observe different pictures of the experiment 
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Statistical analysis 
We compared emergence time (days) and mature specimens emerging from chambers (%) 
using two-way ANOVAs with temperature and leaf type as the main factors. Then, we tested 
the main and interactive effects of water temperature (2 levels), food quality (3 levels), and 
collection time (9 levels). The effect of both factors was checked through the estimates of 
total mass (mean dry mass, MDM), daily instantaneous growth rate (g), and their maximum 
values reached in each treatment (i.e., MDMmax and gmax). Because larval biomass and 
growth rate were repeatedly measured from the same experimental unit, we used repeated-
measures ANOVAs (RM ANOVAs) to determine effects of temperature and food type on 
these population variables. Since the sphericity condition was not met, the degrees of 
freedom for the critical F-statistic were multiplied by the epsilon of Greenhouse and Geisser 
(Von Ende 2001; Quinn and Keough 2002). All analyses were performed with SPSS 
statistical software (SPSS v.15 for Windows XP, SPSS Institute Inc., Chicago, IL, U.S.A). 
Results 
Life traits of B. bifida 
The phenology of B. bifida during the laboratory incubation indicated differences among 
treatments. Emergence time was affected by temperature (F1,12 = 6.9, P < 0.05) and leaf type 
(F2,12 = 3.9, P = 0.05) with no significant interaction of temperature and leaf type (F2,12 = 0.5, 
P = 0.64). Larvae started to emerge sooner at 17 ºC (18 days ± 2.0, mean across leaves ± SE), 
than at 12 ºC (24 days ± 2.0). On the other hand, larvae fed on alder leaves showed the 
lowest time to complete its development (Table 4.1). Neither temperature nor leaf type 
effect was found on the number of mature individuals registered during the incubation 
(Table 4.1). Anyway, the number of mature individuals collected was very low in all 
treatments. 
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Table 4.1. Results of the laboratory incubation (mean % ± SE) representing different phenology 
parameters of Brillia bifida on different temperature and leaf type. Emergence represents the first 
date in which emerging adults were observed, and mature specimens represent the sum of pupae 
and adults. 
Emergence  
[days]
Pupae*          
[%]
Adults*          
[%]
Matures*         
[%]
Alder 21 ± 1 ab 14.2 ± 4.2 2.9 ± 0.6 17.1 ± 4.3
Eucalyptus 23 ± 1 ab 20.1 ± 5.1 2.3 ± 0.7 22.4 ± 5.7
Mixed 27 ± 5 b 12.8 ± 3.6 2.4 ± 1.7 15.3 ± 2.1
Alder 15 ± 2 cd 8.8 ± 4.6 4.6 ± 1.6 13.5 ± 5.5
Eucalyptus 15 ± 2 cd 23.0 ± 2.3 4.5 ± 2.5 27.6 ± 4.7
Mixed 23 ± 1 d 15.7 ± 6.1 1.4 ± 0.7 17.1 ± 6.1
Supperscript letters indicate significant differences among treatments
* No significant effect of temperature and leaf type
Treatment
12 ºC
17 ºC
 
Table 4.2. Results of the laboratory incubation (mean % ± SE) representing maximum of the 
individual mean dry mass (MDMmax) and daily instantaneous growth rate (gmax) reached by B. 
bifida larvae on different treatments (temperature and leaf type). The time elapsed to reach these 
maximum values is also shown in the table. 
Time          
[days]
MDMmax              
[mg]
gmax            
[d-1]
Alder 16 0.12 ± 0.03 a 0.11 ± 0.04 a
Eucalyptus 14 0.16 ± 0.01 ab 0.17 ± 0.01 b
Mixed 16 0.15 ± 0.02 ab 0.12 ± 0.05 ab
Alder 16 0.11 ± 0.02 a 0.16 ± 0.02 c
Eucalyptus 10 0.16 ± 0.02 ab 0.27 ± 0.02 d
Mixed 16 0.19 ± 0.01 ab 0.20 ± 0.04 cd
Supperscript letters indicate significant differences among treatments
Treatment
12 ºC
17 ºC
 
 
Larval development reached the highest biomass and daily instantaneous growth rate 
between 10 and 16 days for all treatments (Table 4.2). The maximum biomass and growth 
rate values were obtained for larvae fed on eucalyptus and mixed leaves at warm 
temperature (Fig. 4.1 and Table 4.2). The analysis of repeated-measurements showed that 
biomass differed significantly due to the interaction between time and food quality (F4.2, 24.9 
= 3.1, P < 0.05). Therefore, the larvae fed on eucalyptus and mixed leaves were bigger than 
the larvae fed on alder leaves at day 8th, 10th and 12th (Fig. 4.1). In addition, the repeated-
measurements analysis on growth rates showed an interaction effect between temperature 
and time (F1.8, 21.5 = 6.9, P < 0.01). In that way, small larvae (i.e., at the beginning of the 
experiment) reared at warm temperature grew at a faster rate than those larvae incubated 
at cold temperature (Fig. 4.1). Interestingly, a food quality effect was observed on growth 
rate (F2,12 = 5.4, P < 0.05), since the larvae fed on eucalyptus leaves grew at a higher rate 
than on alder leaves (Fig. 4.1 and Table 4.2), though the growth rate of the larvae fed on 
eucalyptus at warm temperature decreased strongly after the 10th day (Fig. 4.1). 
  
Temperature 12 ºC Temperature 17 ºC
a
a a
b b
b
b
a
a
b
a
b
a
b
b
a
b
a
b
a
a
a
a
a
a
b
b
 
Figure 4.1. Mean (± SE) dry mass (MDM) and daily instantaneous growth rate (g) of Brillia bifida during larval development (i.e., 16 days). Different symbols 
represent the different leaves treatment. 
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Discussion 
The present laboratory experiment aimed to contrast and verify under controlled conditions 
the results achieved in the in-stream incubation. We isolated the effect of water temperature 
and food quality on the life cycle and development of B. bifida. Under laboratory conditions, 
larvae were forced to feed on a specific food type, single or mixed, by allowing the access to 
the inner parenchyma of leaves (i.e., leaves cut in discs). We also reduced the frequency of 
measures collection to follow better the development of this species.  
Some results from this laboratory experiment confirmed our initial hypothesis and 
complemented field results (see Chapter 1), but others were unexpected: 
First, we expected a temperature effect on development time because of the previous field 
incubation and available literature (Huffaker 1944; Scriber and Slansky 1981; Ward and 
Stanford 1982; Sweeney et al. 1986). Temperature seemed to be an important factor 
influencing life history of B. bifida species, since we confirmed a fast development time and 
high growth rates under warm conditions. This data suggested that colder temperatures 
restricted larval growth regardless of food quality. Second, we expected that larvae feeding 
on eucalyptus leaves would be smaller than on alder leaves as a consequence of alder rich-
quality. However, in the present experiment, larvae feeding on eucalyptus leaves were 
bigger than those feeding on alder leaves. Several authors have demonstrated that strong 
cuticle is a key physical factor delaying fungal colonisation during decomposition (Gessner 
and Chauvet 1994) and shredder access during feeding (Graça and Canhoto 2006). Here, 
leaves were offered to larvae as discs (i.e., without limitation to access by the cuticle), and 
we considered that was the most important factor influencing our body size/biomass 
results. We suggest that when larvae have more access to the inner parenchyma of 
eucalyptus leaves, they seem to feed more quantity, and thus larvae get bigger, though this 
fact does not imply that this food was better. We suggest that “to get fat” is not the best life 
history strategy option for this species (see Karl and Fisher 2008 for a review). In addition, 
low percentages of mature specimens were registered in the laboratory experiment as a 
consequence of a high mortality. We attributed this result to the re-capture collection 
design, since larvae were individually collected every two days (e.g., pupa were handled and 
separated to be measured from the leaves after being anchored to them), which could have 
injured individuals causing their death (e.g., Gahan and Smith 1964). 
In short, our results from both field and laboratory studies seem to be complementary, in 
terms of temperature, since larvae collected during late spring and those reared at warm 
temperature developed sooner than those collected during autumn-winter and those reared 
at cold temperature. It seems that there was a failure to fully develop under the cold 
conditions, and consequently larvae had a big size/biomass. Nevertheless, our experiments 
differed in the expected effect in body size, probably due to the methodology applied as 
explained previously. 
Finally, many questions remain unanswered in this study (e.g., how these factors affect the 
body elemental composition of B. bifida). Along these lines, Elser et al. (1996) proposed that 
life history strategies set the stoichiometric requirements of individual organisms, and we 
suggest that individual responses should be evaluated through the bioenergetics because 
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this is probably the best way to improve our knowledge of species dynamics and ecological 
consequences for the ecosystem. 
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Physiological responses of a dominant freshwater 
shredder to a sub-optimal food resource influenced 
by temperature 
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“The optimal balance of an individual is a consequence of costs and benefits along multiple 
environmental gradients in its habitat”  
(Frost et al. 2005)
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Abstract 
Land use change combined with seasonal temperature variations are important factors 
influencing resource quality in stream food webs, and thus detritivore species. Since 19th 
century large areas have been converted to eucalyptus plantations. Previous studies have 
proved that eucalyptus leaves induce negative effects on microbial colonisation in steams 
and thus on leaf decomposition. Meanwhile, the impact of eucalyptus on natural populations 
of shredders remains unclear. Here, we tested the effects of food (alder, eucalyptus and a 
mixture of both leaves) and temperature (14 ºC vs. 9 ºC) on the life history and the 
elemental composition of Brillia bifida (Chironomidae), the dominant shredder of NW Spain 
forested streams. Several changes in its growth-developmental parameters were induced as 
a response to food quality and temperature. Larger body size was measured in high nitrogen 
(N) and phosphorus (P) content leaves (i.e., alder) than in other leaves. The larval 
development time and survival to adulthood was higher at 9 ºC than at 14 ºC, but the 
opposite was observed for growth rates. Besides, no males emerged in eucalyptus 
treatments at 14 ºC. Stoichiometric differences in food resources together with temperature 
changes deviated larval elemental composition, though B. bifida seemed to balance better its 
nutrient ratios when it was incubated in alder leaves at 14 ºC than in other treatments. 
Although temperature mainly influenced larval elemental contents, also food resource 
greatly influenced both larval growth and nutritional features of fine particulate organic 
matter produced during the incubation. We conclude that even though the specific-
adaptations of this dominant shredder, the eucalyptus leaves can be considered as a junk 
food. We stress the importance of preserving natural riparian-stream environments (tree 
species, riparian shaded corridors controlling in-stream temperature), since the mediated 
transformation of nutrients by this detritivore can vary, with important consequences for 
the functioning in these detritus-based streams. 
Keywords: Ecological stoichiometry, Food resource, Growth-developmental parameters, 
Shredder, Sex ratio, Temperature 
CHAPTER 5 
120 
Introduction 
Detritus-based food webs are predominant in forested headwater streams and represent 
the dominant pathway of energy and matter flow in stream ecosystems (Vanni 2002; Pretty 
et al. 2005; Swan and Palmer 2006). Shredders are the functional feeding group of stream 
macroinvertebrates that perform a key role in these ecosystems (Cummins and Klug 1979; 
Wallace and Webster 1996) and provide a trophic link within aquatic ecosystems due to the 
transformation of leaf material (Cummins et al. 1989). However, the ongoing global 
warming and direct impacts on the riparian ecotone caused by humans have the potential to 
transform these ecosystems dramatically by altering the quality, magnitude and timing of 
the litterfall that enter streams, stream flows and nutrient fluxes (Gomi et al. 2002; 
Woodward et al. 2010).  
Since growth rates of detritivores inhabiting in a high carbon environment can potentially 
be nutrient limited, any supply-requirement imbalance in N and P nutrients can alter the 
individual-based bioenergetics (Sterner and Elser 2002; Frost et al. 2005a; Liess and 
Hillebrand 2005). Indeed, as a consequence of these environmental impacts, invertebrates 
may evolve developmental adaptations in respect to the optimal strategy for utilization of 
available resources (Rowe and Ludwig 1991) and its potential life history performance 
(Atkinson and Hirst 2007). These are further manifested on physiological, behavioural or 
genetic level and depend on individual bioenergetic requirements (Slansky and Scriber 
1985; Swan and Palmer 2006), and the ultimate consequence is the modification of the 
natural consumer-resource link (Woodward and Hildrew 2002; Frost et al. 2005b; Wipfli et 
al. 2007).  
Temperature and food resource are relevant factors affecting life history traits of many 
species (Sweeney and Vannote 1986; Hutchens et al. 1997; Graça 2001), particularly their 
life cycle (Rowe and Ludwig 1991), survival (Dieterich and Anderson 2000), body size 
(Atkinson 1994; Hildrew et al. 2007) and growth rate (Vos et al. 2000). However, the 
partition of variation for dependent variables (growth, survival etc.) caused by both factors, 
and its interactions, is impossible to obtain without well-controlled laboratory experiments 
such as the present study (see also Persson et al. 2011). 
The main goal was to investigate the temperature and food resource effects on the 
performance of Brillia bifida (e.g., growth, survivorship and elemental content) under 
laboratory conditions. B. bifida (Kieffer 1909) is an Orthocladiinae species (Chironomidae: 
Diptera) inhabiting streams in the Holarctic region. This species is often associated with 
immersed wood and leaves (Cranston et al. 1983) and represents the dominant shredder in 
forested headwater streams of NW Spain (see Chapter 1). We hypothesised that i) a poor-
quality resource (high carbon:nutrient) will negatively affect different life-history 
parameters of the consumer since it may delay pupation and emergence, reduce body size at 
emergence, decrease growth rate and lead to lower N and P in the consumer biomass, and ii) 
temperature may interact with these negative effects of poor-quality resource promoting 
important synergies. Therefore, in our study we tested the join effect of temperature and 
food on the life history of B. bifida and the extent to which both factors can influence the 
organic matter and nutrient processing. 
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Material and Methods14 
Experimental design 
We tested two temperatures: 14 ºC, the stream temperature at the moment in which the 
experiment was carried out, and 9 ºC, the mean autumn-winter temperature in these 
streams (López et al. 2001). Food treatments differed in physicochemical features (and also 
in origin). We selected three types of leaves: the native Alnus glutinosa (L.) Gaertn. (A), the 
exotic Eucalyptus globulus Labill subsp. globulus (E)—which is replacing the native 
vegetation—, and a mixture of both species (AE). Hence, the complete set-up resulted in a 2 
X 3 factorial experiment in a randomized block design: A9, A14, AE9, AE14, E9 and E14. 
However, the mixed treatment at 9 ºC (AE9) was removed from the analyses due to 
problems in the aeration circuit during the incubation, which resulted in high larvae 
mortality. 
The incubation was carried out in laboratory microcosms, which were initially set in two 
temperature-controlled incubators (Microclimate MC1000E-Snijders Scientific, Holland). 
The microcosms (chambers) consisted of rectangular-shaped plastic chambers of 6.4 cm2 
base and 10 cm height (total volume of 64 cm3). Initially, 3 chambers per treatment (i.e., 
replicates) were retrieved every 4 days, without replacement. However, the collection 
procedure varied with temperature: a) at 9 ºC, chambers were retrieved every 8 days from 
the 16th day due to the observed slower development, and b) at 14 ºC, the collection finished 
at the 20th day due to fast larval development. The complete incubation period lasted until a 
maximum of 64 days (17-12 collections at 14 ºC and 9 ºC, respectively). Therefore, a total 
number of 261 microcosms (treatments × time collection × replicates) and 87 controls were 
initially set in the laboratory.  
Water, leaves and larvae for the experiment were collected during July 2005 in the Barxa 
stream and its surroundings (Universal Transverse Mercator, UTM 29T 523111 4672115), a 
2nd order forested stream dominated by deciduous tree species, mostly alder, with oak and 
adjacent eucalyptus plantations. Prior to the set-up of the experiment, recently fallen leaves 
were conditioned with stream water at room temperature, during 7 days for alder and 14 
days for eucalyptus, to enhance leaf palatability (Canhoto and Graça 1996; Gessner et al. 
1999) and to homogenize conidial production (Bärlocher et al. 1995). One day before the 
beginning of the experiment, water and larvae were collected in the stream and transported 
quickly to the laboratory in containers with aeration. Once in the laboratory, larvae from the 
II-instar were picked and specimens were randomly included in each microcosm. At time 
zero, five larvae of B. bifida were placed in each chamber and were fed ad libitum to follow 
its development and growth. Water in chambers was kept at constant volume (400 mL), 
adding stream water when necessary. Chambers were provided with continuous aeration in 
a 12:12 h light:dark period and covered with a chiffon net (1-mm-mesh-net) to prevent the 
escape of adults. 
During each collection time, larvae, leaves were manually picked from chambers, and FPOM 
was filtered for further analysis. Later, we estimated larval development, growth, FPOM 
production and elemental contents (see below). Leaves at time 0 of the experiment were 
                                                          
14 See Appendix IV to observe different pictures of the experiment 
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used as controls for further comparisons of elemental contents (n = 3 per treatment), 
whereas a subset of the larvae collected in the field, not used in the experiment, was used as 
control for natural elemental contents (n = 5 replicates of 3 pooled larvae). 
Development of Brillia bifida 
The development of B. bifida was analysed throughout the progression of larvae towards 
their reproductive maturity in terms of days for pupation (i.e., 1st pupa appearance as onset 
of pupa) and days for adult emergence (i.e., 1st adult appearance as onset of adult) in each 
treatment. At each collection time, individuals were counted, separated in eppendorf tubes, 
oven-dried (for 2 days at 55 ºC), weighed and stored until posterior analyses (see below). 
When present, adults were sexed. We calculated cumulative frequencies of different B. bifida 
stages (larvae, pupae and adults) and other parameters related such as the percentage of 
males, females and survival to adulthood (i.e., number of emerged adults relative to the 
initial larvae).  
Growth of Brillia bifida 
Larvae were measured to estimate increase in body size by using a digital colour camera 
(Olympus DP10) attached to an Olympus SZX9 binocular microscope (at 40X). Specimens 
were photographed, and the image was read and processed with an image analysis software 
(Olympus Microimage Software, v. 4.0 for Windows, Media Cybernetics, Silver Spring, MD, 
USA) to obtain body measurements. Head capsule length (HL) and total body length (BL) 
were measured from computer pictures and larvae were oven-dried at 55 ºC for 2 days and 
weighed. Mean dry mass per chamber (MDM) at each collection time allowed further 
comparisons between treatments and the estimation of growth rates (Equation 1). Hence, 
daily instantaneous growth rates (g, d-1) were estimated using the following equation: 
      g = (ln [MDMt] - ln [MDM0]) / ∆t                                                                                                      [1] 
where MDMt and MDM0 are final and initial mean individual dry mass, and t is the number of 
days between both measurements. We also estimated maximum values of biomass and 
growth rate (MDMmax and gmax, respectively) reached between day zero and day 16 (i.e., 
the maximum developmental time in larval stage) to allow comparisons among treatments. 
Leaves and fine-particulate organic matter (FPOM) production 
Leaves were carefully taken away from chambers and individually rinsed with water on a 
100-µm-mesh-net to remove detritus and separate B. bifida individuals from leaves. FPOM 
was obtained by filtration of the water remaining in the chamber, through Whatman pre-
ashed (2h, 550 ºC) GF/F filters (0.45-μm), oven-dried at 55 ºC and weighed for further 
analyses of elemental contents. The resulting filtrate, named here FPOM production, was 
made up by faecal pellets together with fine particulate organic matter and small fragments 
of leaves resulting from leaf processing. 
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Elemental content 
Dried samples (leaves, FPOM and larvae) per chamber and collection time were grounded 
and homogenized using a ball mill (RETSCH MM200) for analyses of elemental contents 
(C:N:P). Larvae were weighed to the nearest 0.001 mg (Sartorius micro-M2P scale 
microbalance, Germany), while leaves and FPOM were weighed to the nearest 0.1 mg 
(Mettler Toledo AB104 balance, Switzerland). For C and N analyses, samples of larvae and 
leaves were included in tin capsules and analysed with a Carbo Erba EA 1108 CHN analyser 
(Fisons Instruments, Italy), while samples of FPOM were analysed with a LECO CN2000 
macro-elemental analyser (Fisons Instruments, Italy). For P analysis, all samples were 
included into acid-washed and pre-ashed ceramic crucibles and ashed at 500 ºC. Then, 
FPOM and leaf samples were acid digested (persulfate digestion Grasshoff et al. 1983) and 
determined by a continuous flux analyser (AutoAnalyzer3, Bran+Luebbe, Germany). Larvae 
were acid digested (69% HNO3) in a LT-100 micro-digestor at 140 ºC until evaporation 
(Thermostat Dr. Lange, Germany) and removed with HNO3 2% for subsequent 
determination by atomic absorption (ICP-OES optima 4300 DV, USA). All data were 
presented as either % C, N and P of dry mass or as molar ratios.  
Statistical analysis 
Development, growth and FPOM production of B. bifida were analysed using a two-way 
ANOVA with temperature and leaf type as main factors. The interaction term between these 
two variables was also included in the models as suggested previously (Newman et al. 1997; 
Quinn and Keough 2002). Normality of dependent variables was checked with Shapiro-Wilk 
tests and homogeneity of variances was examined using Levene´s test. Several life history 
parameters (e.g., pupation, emergence, survival to adulthood) were evaluated along the 
incubation period (i.e., 64 days at maximum), while larval estimates (e.g., body size, growth 
rate) and FPOM production were checked and analysed only during the time spanned for 
larvae until it reached its maximum size (i.e., from zero to 16 days). Differences on initial 
nutrient content among leaves were checked with a one-way ANOVA (i.e. at time zero). 
Later, elemental composition of leaves and FPOM produced during the larval incubation 
period (i.e., from time 0 to time 16) were tested for differences by using three-way ANOVAs, 
with temperature, leaf type and time as main factors. Data were previously transformed to 
achieve normality and homoscedasticity assumptions (Quinn and Keough 2002). However, 
all larvae included in the 3 replicates of each treatment had to be pooled to achieve the 
minimum required weight for elemental analyses (≥ 1 mg). Therefore, testing for elemental 
composition differences in larvae was different. Larval samples collected during incubation 
from each treatment were pooled, since no significant effect of time was found (P > 0.05). 
Hence, larval composition in each treatment was compared against control values to 
identify elemental imbalances by using non-parametric tests (Kolmogorov-Smirnov). In 
addition, arithmetic differences between C:P and C:N of larvae incubated at different 
temperatures and their food resources (i.e., leaf types) were used to estimate simple 
consumer-resource elemental imbalances (Cross et al. 2003). All analyses were performed 
with SPSS package v. 16 (Chicago, Illinois). 
CHAPTER 5 
124 
Results 
Development of Brillia bifida 
The development of B. bifida was three fold faster at warm than at cold temperature (Fig. 
5.1). At warm temperature the complete development of individuals was the same (20 days, 
P > 0.05) for all leaf treatments, while at cold temperature there was a small, but significant, 
delay (P = 0.025) on the larval development due to leaf type (56 days in alder vs. 64 days in 
eucalyptus). The cumulative frequencies for pupae and adults emergence were consistent 
along the development time. B. bifida pupated and emerged sooner at warmer temperatures 
(Fig. 5.1). 
Pupation started approximately 8-13 days earlier at warm temperature (Table 5.1), without 
differences attributed to leaf type (Table 5.2). The onset of adults also differed between 
temperatures in all leaf treatments (Tables 5.1 and 5.2). For larvae supplied with alder, the 
onset of adults was 22 days earlier at warm (13.3 days ± 1.3) than at cold temperature (34.7 
days ± 2.7, Table 5.1). While for larvae supplied with eucalyptus, the average onset time of B. 
bifida adults was 17 days, being earlier at warm (20.0 days ± 0.0) than at cold temperature 
(37.3 days ± 9.6, Table 5.1). In addition, larvae reared on the mixed leaf treatment at warm 
temperature showed an average emergence intermediate between single-leaf treatments 
(Table 5.1). No interaction effect was found in any developmental variable (see Table 5.2). 
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Figure 5.1. Cumulative frequencies of maturate specimens, pupae (top) and adults (bottom) of Brillia bifida, during the experiment 
in each treatment, and sorted by 9 ºC (left side) and 14 ºC (right side). Symbols represent different leaf types: alder (filled circle), 
eucalyptus (open circle) and mixed (filled triangle). 
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There were more females than males in chambers at the end of the experiment, 
independently of the treatment, and no males emerged from eucalyptus chambers at warm 
temperature (Table 5.1). The percentage of males emerging from larvae reared at warm 
temperature was significantly lower those reared at cold temperature (Table 5.2). The 
highest survival to adulthood was in the alder treatment at 9 ºC, and lowest one in larvae fed 
eucalyptus leaves at 14 ºC (Table 5.1). Indeed, survival of adulthood was significantly higher 
at 9 ºC than at 14 ºC, independently of leaf types (Table 5.2). 
Table 5.1. Developmental parameters (mean ± SE) estimated for Brillia bifida specimens 
during the incubation period in each treatment. 
Onset Pupa 
[days]
Onset Adult 
[days]
Females         
[%]
Males            
[%]
Adult survival        
[%]
Alder 16.0 ± 0.1 34.7 ± 2.7 11.7 ± 2.1 6.2 ± 2.0 17.9 ± 3.9
Eucalyptus 21.3 ± 2.7 37.3 ± 9.6 4.9 ± 1.7 5.0 ± 1.3 9.9 ± 2.8
Alder 8.0 ± 4.0 13.3 ± 1.3 6.7 ± 1.9 4.7 ± 3.2 11.4 ± 2.4
Mixed 8.0 ± 0.1 17.3 ± 2.7 7.3 ± 4.3 1.2 ± 1.2 8.5 ± 3.3
Eucalyptus 8.0 ± 2.3 20.0 ± 0.1 3.4 ± 0.1 0.0 ± 0.0 3.4 ± 0.1
9 ºC
14 ºC
Treatment
 
Table 5.2. Results of the 2-way ANOVAs carried out to check the effect of water 
temperature and leaf type on several life history parameters of Brillia bifida. Significant 
P-values are given in bold. 
Parameters F1,10 P F2,10 P F1,10 P
OnsetPupa [days] 15.251 0.003 0.420 0.668 0.109 0.748
OnsetAdult [days] 27.211 0.000 1.086 0.374 1.784 0.211
Females [%] 1.756 0.215 2.450 0.136 0.509 0.492
Males [%] 6.919 0.025 1.430 0.284 1.762 0.214
Adult survival [%] 5.310 0.044 4.084 0.051 0.000 1.000
MDMmax  [mg] 0.367 0.558 7.283 0.011 2.466 0.147
gmax  [mg d-1] 19.711 0.001 7.817 0.009 2.260 0.164
FPOM [mg] 5.891 0.036 6.326 0.017 6.937 0.025
Temperature Leaf Type Interaction
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Growth and FPOM production of Brillia bifida 
The average incubation time needed to reach the maximum mean larval dry mass 
(MDMmax) was 13 days at 14 ºC and 16 days at 9 ºC, in all leaf treatments (Table 5.3). 
However, the MDMmax of B. bifida differed with the leaf type (Table 5.2). Larvae fed on 
alder were bigger (0.19 ± 0.01, mean across temperatures ± SE) than those fed on 
eucalyptus and mixed leaves (0.15 ± 0.01, mean across temperatures ± SE) (Table 5.3). 
Table 5.3. Estimates (mean ± SE) of maximum mean dry mass (MDMmax), maximum 
daily growth rate (gmax) and total production (FPOM) of Brillia bifida in each treatment 
during larval growth (t0-t16). 
Time1          
[days]
MDMmax              
[mg]
Time2           
[days]
gmax         
[mg d-1]
FPOM         
[mg]
Alder 16.0 ± 0.1 0.18 ± 0.02 10.7 ± 2.7 0.07 ± 0.01 0.07 ± 0.01
Eucalyptus 16.0 ± 0.1 0.15 ± 0.01 16.0 ± 0.1 0.05 ± 0.02 0.07 ± 0.01
Alder 12.0 ± 4.0 0.20 ± 0.01 12.0 ± 4.0 0.20 ± 0.02 0.08 ± 0.01
Mixed 13.3 ± 2.7 0.15 ± 0.01 12.0 ± 2.3 0.08 ± 0.02 0.09 ± 0.01
Eucalyptus 14.7 ± 3.5 0.14 ± 0.01 14.7 ± 3.5 0.09 ± 0.03 0.03 ± 0.01
Time1 represents the days needed to reach the maximum mean dry mass (MDMmax )
Time2 represents the days needed to reach the maximum growth rate (gmax )
Treatment
9ºC
14ºC
 
Growth rates differed significantly depending upon both temperature and leaf type 
supplied, but not interaction effect was found (Table 5.2). The highest gmax was reached at 
14 ºC (0.13 ± 0.02 d-1, mean across leaves ± SE) with mean values two fold higher than those 
reached at cold temperature (0.06 ± 0.01 d-1, mean across leaves ± SE, Table 5.3). Regarding 
the leaf type, those larvae fed on alder leaves grew faster (0.14 ± 0.03 d-1, mean across 
temperatures ± SE) than those fed on eucalyptus leaves (0.07 ± 0.02 d-1, mean across 
temperatures ± SE) or mixed leaves (0.08 ± 0.02 d-1, at 14 ºC). Consequently, the average 
time needed to reach the highest gmax value also differed between leaf types (Table 5.3). 
The quantity of FPOM produced during incubation differed significantly among treatments, 
thus influenced by temperature and food quality (Tables 5.2 and 5.3). The highest quantity 
of FPOM produced was observed in the mixed treatment at 14 ºC (Table 5.3), and the lowest 
one in eucalyptus at 14 ºC.  
Elemental content 
C:N:P ratios differed across leaf types. Conditioned alder leaves had mean initial N (3.0% ± 
0.1 SE), two and three times higher than in the mixed treatment and eucalyptus treatment, 
respectively (P < 0.05, Table 5.4), but they did not differ in P content (P > 0.05). During the 
experiment, the elemental composition of leaves remained relatively similar to the initial 
values (Fig. 5.2 and Table 5.4). However, %P of alder leaves differed significantly between 
temperatures at the end of the larval development (i.e., 16 days), and hence, alder leaves 
incubated at 9 ºC had higher P content than at 14 ºC (P < 0.05, Fig. 5.2). 
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Figure 5.2. Elemental contents (%C, N and P in vertical panels) of leaves and FPOM produced in chambers during the experiment. Each horizontal 
panel correspond to a leaf treatment (alder, eucalyptus or mixture). Each temperature treatment is represented by colours: 9 ºC (black) and 14 ºC 
(white). Leaves are represented by circles (○) and FPOM is represented by triangles (∆). 
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Different responses were observed when elemental contents of larvae initially collected in 
the field (i.e., controls) were compared with those of larvae reared under the different 
treatments incubation (Table 5.4). 
Table 5.4. Elemental contents (mean ± SE) of leaves, larvae and FPOM produced in each 
treatment (temperature and food quality) during the experiment (mean across 
incubation time ± SE). Initial elemental contents (i.e., at day 0) of leaves and larvae are 
also presented. 
Initial Experiment Experiment Initial Experiment Initial Experiment
% C 54.4 ± 0.7 53.7 ± 0.8 24.5 ± 3.0 39.3 ± 4.9 59.9 ± 4.7c
% N 3.0 ± 0.1a 3.3 ± 0.2 3.7 ± 0.2 8.4 ± 0.8 10.6 ± 1.1
% P 0.2 ± 0.01 0.1 ± 0.01 0.2 ± 0.01 2.0 ± 0.5 1.5 ± 0.7
C:N 21.7 ± 1.1 19.1 ± 0.8 7.6 ± 1.0 5.4 ± 0.2 6.7 ± 0.3e 16 12
C:P 970.9 ± 208.4 2119.3 ± 923.4 438.2 ± 129.6 76.7 ± 21.5 132.6 ± 72.1 894 1987
N:P 42.4 ± 8.8 103.3 ± 37.7 59.0 ± 13.1 14.1 ± 3.9 20.9 ± 12.5 — —
% C 53.5 ± 0.3 54.2 ± 0.2 26.7 ± 3.2 39.3 ± 4.9 53.9 ± 12.7
% N 0.9 ± 0.0a 0.9 ± 0.01 2.0 ± 0.3 8.4 ± 0.8 10.2 ± 1.9
% P 0.1 ± 0.01 0.1 ± 0.01 0.1 ± 0.01 2.0 ± 0.5 1.3 ± 0.4
C:N 71.9 ± 3.0 71.3 ± 1.5 16.3 ± 1.7 5.4 ± 0.2 6.1 ± 0.3e 67 65
C:P 3131.1 ± 665.0 1478.2 ± 237.1 2770.5 ± 1640.3 76.7 ± 21.5 144.2 ± 89.9 3054 1334
N:P 43.8 ± 9.6 21.2 ± 3.7 171.0 ± 107.6 14.1 ± 3.9 22.3 ± 12.9 — —
% C 54.4 ± 0.7 56.7 ± 1.6 25.1 ± 2.2 39.3 ± 4.9 17.4 ± 12.4
% N 3.0 ± 0.1a 2.9 ± 0.1 3.3 ± 0.3 8.4 ± 0.8 3.9 ± 2.3
% P 0.2 ± 0.01 0.2 ± 0.1 0.1 ± 0.01 2.0 ± 0.5 0.6 ± 0.3d
C:N 21.7 ± 1.1 23.0 ± 0.8 9.7 ± 1.1 5.4 ± 0.2 4.7 ± 0.9 16 18
C:P 970.9 ± 208.4 1228.2 ± 211.9 796.8 ± 222.2 76.7 ± 21.5 77.7 ± 23.4 894 1151
N:P 42.4 ± 8.8 58.1 ± 11.6 74.0 ± 15.0 14.1 ± 3.9 18.4 ± 8.8 — —
% C 56.5 ± 0.4b 55.7 ± 0.4 26.0 ± 2.2 39.3 ± 4.9 42.1 ± 6.7
% N 1.5 ± 0.1a 1.5 ± 0.1 2.9 ± 0.2 8.4 ± 0.8 8.2 ± 1.3
% P 0.1 ± 0.01 0.1 ± 0.01 0.1 ± 0.01 2.0 ± 0.5 0.8 ± 0.1d
C:N 45.9 ± 4.0 44.2 ± 1.9 11.1 ± 1.0 5.4 ± 0.2 6.0 ± 0.3e 41 38
C:P 1790.2 ± 430.6 3469.8 ± 1012.8 1042.0 ± 170.5 76.7 ± 21.5 117.7 ± 18.9 1714 3352
N:P 38.9 ± 8.8 82.3 ± 25.0 95.4 ± 12.0 14.1 ± 3.9 20.6 ± 3.3 — —
% C 53.5 ± 0.3 53.4 ± 0.3 23.8 ± 1.8 39.3 ± 4.9 38.5 ± 9.2
% N 0.9 ± 0.01a 0.9 ± 0.01 3.2 ± 0.3 8.4 ± 0.8 7.7 ± 1.8
% P 0.1 ± 0.01 0.2 ± 0.1 0.2 ± 0.1 2.0 ± 0.5 2.8 ± 0.7
C:N 71.9 ± 3.0 72.3 ± 2.6 9.6 ± 1.1 5.4 ± 0.2 5.7 ± 0.1e 67 67
C:P 3131.1 ± 665.0 1497.0 ± 288.6 1181.1 ± 418.7 76.7 ± 21.5 47.4 ± 27.7 3054 1450
N:P 43.8 ± 9.6 20.2 ± 3.6 129.3 ± 50.6 14.1 ± 3.9 8.1 ± 4.8 — —
* Elemental imbalance is calculated as the arithmetic difference between mean values of larvae and its leaf resources
Superscript letters indicate significant differences among leaf treatments a,b and between larvaec,d,e (controls vs. treatment)
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Greater differences were found regarding temperature. Larval C content during laboratory 
incubation increased at 9 ºC for all leaf species, and in a significant way in alder leaves (P < 
0.05). Meanwhile, larval P contents were always lower than the control ones and, 
significantly different at 14 ºC, except in E14. Larvae from all treatments had higher C:N 
ratio than the control ones, except those larvae reared on the A14 treatment (4.7 ± 0.9) 
which were similar to control (5.4 ± 0.2). There was no difference in N:P and C:P ratios of 
larvae between controls and experiment (Table 5.4), but those larvae reared on the E14 
treatment showed the lowest mean N:P (8.1) and C:P ratio (47.4). In addition, comparisons 
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of larval nutrient contents between treatments revealed some particular patterns. For 
example, N and P content of larvae fed on alder leaves at 14 ºC (i.e., in both single and mixed 
treatment) were significantly lower than at 9 ºC (Table 5.4). Finally, consumer-resource 
elemental imbalances indicated the highest P-imbalance in the mixed treatment, and the 
highest N-imbalance in eucalyptus treatments at both temperatures (Table 5.4). 
The elemental content of FPOM slightly varied during the incubation (Table 5.4). Despite the 
fact that %P of FPOM remained more or less constant during the incubation, we observed a 
temperature effect in the alder treatment, since at day 16th, P content of FPOM at 9 ºC was 
higher than that produced at 14 ºC (P < 0.05). Comparisons between basal resources (i.e., 
leaves vs. FPOM) showed that percent C of FPOM was ≈ 55% lower than that of leaves, 
independently of the temperature (Fig. 5.2 and Table 5.4). Besides, % N of FPOM (ranging 
from 2 to 3.7%) was always higher than % N of leaves (from 0.9 to 1.5%), except for alder 
leaves that showed similar contents (≈ 3%) to FPOM (Fig. 5.2 and Table 5.4). Percent P of 
FPOM was similar to %P of leaves (Fig. 5.2), and the highest ranges of measured C:P and N:P 
of FPOM were registered in chambers with eucalyptus leaves (Table 5.4).  
Discussion 
Our results confirm the effect of temperature and food resource as important factors 
controlling the life history of a dominant chironomid species through its influence on many 
growth-developmental parameters, elemental composition, and thus with potential effects 
on ecosystem functioning (e.g. nutrient cycling). 
Chironomids develop fast and reach a reproductive stage earlier than most of other stream 
insects in order to maximize their energy acquisition during the larval stages and minimize 
the duration of adults (Tokeshi 1995). In this study, B. bifida completed its life cycle within 
20 or 56-64 days, depending on whether the temperature was 14 ºC or 9 ºC, respectively, 
which coincides with the range of values reported for other chironomids (Nebeker 1973; 
Mackey 1977; Hauer and Benke 1991). This result suggests that B. bifida has great 
phenotypical plasticity in its life completeness, similar to other insect species (Nylin and 
Gotthard 1998; Metcalfe and Monaghan 2001). The lowest survival to adulthood was 
observed at warm temperature, a fact previously registered for other species (Nylin and 
Gotthard 1998; Peckarsky et al. 2002). Although this fact could be understood as a negative 
effect of the temperature on the fitness of this species, previous studies in Galician streams 
showed that the density of B. bifida in natural leaf packs is usually higher in warmer months 
than in colder months, mainly in response to better conditions of temperature and discharge 
(see Chapter 1). Those specimens that survive during the warm season seem to produce 
higher offspring (i.e., they seem more “healthy”) than during the cold season. In addition, 
females were dominant which could reflect unbalanced sex ratios for this species in the 
natural habitat, a fact not previously registered in temperate areas (Delettre and Morvan 
2000). And even no males appeared in eucalyptus at 14 ºC which suggests potential 
evolutionary consequences to these ecosystems. 
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As mentioned above, B. bifida required 3-fold time to conclude its development at 9 ºC when 
compared with 14 ºC, but larvae also required almost 2-fold time to achieve the maximum 
mean dry mass (i.e., body size) and growth rate. Hence, temperature accelerates the life 
cycle of B. bifida, independently of food resource, without reaching a large body size. Our 
results are consistent with other studies (Sweeney and Vannote 1986; Atkinson 1994; Hogg 
et al. 1995), and previous field experiments carried out in NW Spain streams (see Chapter 
1), that have showed a strong negative relationship between stream temperature and larval 
body size. Moreover, the small delay on larval development time among alder and 
eucalyptus leaves (i.e., from 56 to 64 days, respectively), together with the different adult 
survival observed among treatments, and the fact that B. bifida larvae fed alder leaves were 
larger and grew faster (measured as MDMmax and gmax, respectively) than those feeding 
on eucalyptus, suggest a potential effect of the food resource for this shredder. We suggest 
that this result can be explained by the influence of different leaf properties, such as: the 
high nutritional quality of leaves which positively enhances growth rates and survivorship 
of many shredder species (Stout et al. 1993; Hutchens et al. 1997; Huryn and Wallace 2000), 
or the presence of toxic compounds of eucalyptus leaves and its strong cuticle that act as a 
barrier to decomposers and some invertebrates (Canhoto and Graça 1995, 1999; Parkyn 
and Winterbourn 1997). Despite the negative effect of eucalyptus leaves, some studies have 
demonstrated that a similar conidial production of fungi in E. globulus leaves to A. glutinosa 
leaves can be formed, if they are conditioned enough time (Bärlocher et al. 1995; Gessner et 
al. 1999). We conditioned eucalyptus leaves for 14 days, and hence we assumed no 
differences in conditioning, though there are still differences in leaf traits (e.g., structural 
characteristics, secondary compounds). The effects on some shredders populations are still 
unclear, since there are specific-dependent mechanisms which depend on the physiology 
and feeding strategies of individual species (Canhoto and Laranjeira 2007). For example, 
chironomids seem to evade the toxic glands (Canhoto and Graça 1999). From the present 
study, we conclude that temperature is an important factor (34.4% of variance explained) 
constraining growth of B. bifida together with food resource (24.8% of variance explained 
by leaf type). 
The order Diptera is known to have a high P content, but paradoxically detritus that larvae 
feed is among the most P deficient (Cross et al. 2003; Evans-White et al. 2005). We confirm 
the low nutritional quality of leaves in relation to the demands of B. bifida species, but 
clearly alder leaves are more nutritious (i.e., more N and P) than mixed or eucalyptus leaves. 
Accordingly, consumption of leaves by shredders should lead to high stoichiometric 
imbalances (Sterner and Elser 2002), mostly when feed on poor-quality eucalyptus leaves. 
In this study, B. bifida larvae varied their elemental contents during the incubation time. 
Hence, larvae reared at 9 ºC, in all leaf treatments, increased its %C and %N in relation with 
larvae initially collected in the field (i.e., controls), and the opposite was observed at warm 
temperature. On the contrary, P content decreased in all treatments. However, an additional 
examination showed that larvae reared at 9 ºC had general higher P contents than those 
larvae reared at 14 ºC, except in eucalyptus leaves at 14 ºC. It seems that faster larval growth 
(e.g., in A14) allows a lower nutrient accumulation in the body (i.e., since P is probably 
allocated to RNA for fast growth, Elser et al. 2000) versus the opposite occurring at low 
temperature. These results contradict the general view that organisms or tissues with 
higher concentrations of nutrients tend to grow more rapidly (e.g., higher N and/or P 
relative to C, Sterner and Elser 2002) as well as the growth rate hypothesis (GRH, Elser et al. 
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2000), which states that most rapidly growing animals have high demands for P to build 
RNA that is required for the protein production. We suggest that these responses may be 
directed through different ecophysiological process. The fact by which many poikilothermic 
organisms had low C:P and C:N ratio at low temperature has been postulated as 
compensation mechanisms against decreasing temperature (Hochachka and Somero 2002; 
Woods et al. 2003). Larvae reared at 9 ºC increased their nutrient contents probably due to a 
similar compensation mechanisms resulting from the decreased activity at lower 
temperature (i.e., slow growth). However, B. bifida larvae seem to adjust their energetic 
metabolism and body elemental composition when eating P-deficient food to compensate 
for poor quality (i.e., larvae from E14 showed high P content). These adjustments can 
include altering intake and/or reducing the demand for the limiting element (Frost and 
Elser 2002; Vanni et al. 2002; Frost et al. 2005b; Small et al. 2011). Although growth rate of 
animals for eucalyptus treatment decreased while its P content increased, detoxification 
mechanisms taking place may still require extra P allocation to produce RNA. Differences 
among larval stages during incubation may obscure these relationships, and probably, 
estimation of assimilation efficiencies and direct measurements of RNA could offer more 
relevant information.  
Despite the results on larval elemental contents explained above, molar ratios may offer 
additional information to understand the consumer-resource link in our experiment. Larval 
ratios were always lower than those of their food and they were fairly constant among 
treatments (C:N 5.8 ± 0.3, C:P 103.8 ± 18.0, N:P 18.1 ± 2.6). This result implies that B. bifida 
maintains internal homeostasis, which could be achieved by activation of different 
physiological strategies (e.g., respiration, excretion), similar as suggested for similar 
taxonomic groups and other detritivore species in lakes (Frost et al. 2003) and streams 
(Evans-White et al. 2005; Balseiro and Albariño 2006).  
Elemental imbalances provide a comparison of the stoichiometric constraints among 
consumers and their food resources (Sterner and Elser 2002), and the magnitude of this 
imbalance is important to understand some ecological consequences (e.g., nutrient cycling, 
nutrient limitation). In our detritus-based system, B. bifida larvae in natural conditions are 
clearly far out of balance with their food resources (as observed in Table 5.4), mostly in 
eucalyptus treatments. The highest C:N imbalance is found in eucalyptus leaves incubated at 
14 ºC (C:N 67) and the highest C:P imbalance is found in mixture leaves incubated at 14 ºC 
(C:P 3352). These high elemental imbalances are similar to other values registered for 
shredders in field experiments (e.g., natural vs. enriched streams in Coweeta, Cross et al. 
2003), supporting that limits to growth and production of leaf-eating consumers in detritus-
based food webs are severe. Meanwhile, the treatment with alder leaves incubated at 14 ºC 
showed the closest elemental imbalances to natural conditions (C:N 18, C:P 1151). It is also 
important to highlight that our results can be expected due to the dominance of alder in the 
studied stream riparian corridor and the natural similar stream temperatures at this time of 
the year, when larvae where collected (i.e., due to ecological adaptation of species to 
recently showed by Small et al. 2011). We suppose that larval ratios could be different if 
larvae were collected in other stream (e.g., with different riparian vegetation) or in other 
season (e.g., at cold temperature). 
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The incorporation of leaf material into invertebrate secondary production is known to 
proceed at a faster rate in N-rich and soft leaves, when compared with N-poor, chemically 
protected, hard leaves (Canhoto and Graça 1995; González and Graça 2003). Accordingly, 
the lowest quantity of FPOM was registered in eucalyptus chambers (at warm temperature), 
and the C:P and N:P ratios of FPOM produced in eucalyptus treatments were also slightly 
higher (i.e., low P) than those in alder treatments. These results suggest that FPOM released 
in eucalyptus treatments may be more P-limited than that of other treatments, but no N-
limited (i.e., N of FPOM ≈ 3%). In natural streams there is a continuous supply of nutrients 
that determines the efficiency of trophic transfer by affecting detritus-associated 
microorganisms and invertebrates (Rosemond et al. 2002), thus we should consider the 
absence of these external factors and their effect on larval responses in our experiment. 
Differential effects observed on larval development, growth, FPOM production and 
elemental composition point out that temperature is the main factor influencing B. bifida 
larvae, though depending on the food resource. B. bifida responds to cope with these 
environmental constraints (i.e., temperature and food) by attempting to balance its nutrient 
ratios. Hence, it plays an important role on organic matter processing and transformation, 
together with microorganisms. Its optimal performance occurs when experimental 
conditions are similar to those naturally occurring in the field (i.e., rich-quality leaves and 
warm temperature). Nevertheless, when conditions are far away from the natural optimal, 
they can constrain B. bifida life history, and thus its response on detritus-based food webs. 
We conclude that eucalyptus is a junk food resource for this dominant shredder, due to its 
chemical properties. Moreover, eucalyptus consumption by larvae leads to a reduction in 
the quantity and quality of FPOM. This fact may be taken into account in further 
management of NW Spain rivers and streams, thus with great importance of preserving 
riparian-stream environments, since the direct effects of eucalyptus leaves can be observed 
on shredder community, with important consequences for the ecosystem functioning (e.g., 
nutrient cycling).  
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The results achieved from this thesis are relevant to the understanding of detritivore 
pathways in small, forested temperate streams. Observational evidences from in-stream 
experiments and complementary results from laboratory studies highlighted the important 
role of a dominant detritivorous species in leaf processing, and thus in ecosystem 
functioning. Furthermore, results also elucidate how species adaptation to the environment 
allows it to tolerate unexpected global changes in resources condition and temperature. 
The main findings of this thesis have been divided into five groups, corresponding to the 
different chapters:  
CHAPTER 1. Life history and secondary production of a detritivorous 
chironomid in a small forested stream 
(i) Brillia bifida (Chironomidae, Diptera) was the dominant shredder species 
inhabiting leaf packs in the Mera stream (Galicia, NW Spain). This invertebrate 
species showed a multivoltine life cycle with possibility of a continuous production 
of adults during the entire year. Meanwhile, its growth dependence on 
temperature, characterized the species as a summer-emerging species, with an 
active preferential capacity to colonize and recolonize good quality resource 
patches.  
(ii) The shredder B. bifida was subjected to environmental changes in forested 
headwater streams of Galicia (NW Spain) that influence its production throughout 
modification of its life cycle duration with potential to influence the annual number 
of generations. Results achieved from the field incubation indicated that season 
and food quality are among the most important factors influencing the life strategy 
of B. bifida species. As results:  
 B. bifida had high density, total biomass, and thus secondary production 
during warmer months. 
 Packs constructed with alder and birch leaves were colonized by higher 
number of individuals, which is consistent with higher nutrient content (i.e., 
rich-quality) of these leaves. Meanwhile, pine and eucalyptus leaves, both 
non-native species, showed minimum numbers, indicating the possibility of a 
negative influence for B. bifida development. 
 Larvae collected during autumn-winter were bigger than larvae collected 
during late spring. Although this fact could promote costs in individual 
fitness, we suggested that the best life strategy of B. bifida is “not to get fat” if 
that means to develop later.  
(iii) In this study, we proposed a new methodological approach to estimate detritus 
consumer’s secondary production: 
 Production values estimated from this study indicated a different seasonal 
contribution of B. bifida to the annual secondary production in the Mera 
stream, since production was higher during late spring than during autumn-
winter in all leaf species.  
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 Production values varied strongly with regard to leaf species. High values 
were registered in some native riparian deciduous species (e.g., alder and 
birch), contrasting with the lowest values in pine needles and eucalyptus 
leaves. We can predict that the substitution of riparian alder and birch by 
eucalyptus plantations will decrease the production of B. bifida in 
heterotrophic streams of NW Spain. 
(iv) This study stated the importance of quantifying secondary production on habitats 
that represent the specific resource available for each functional feeding group to 
achieve more accurate estimates of production. It highlighted the relevance of the 
shredder B. bifida production to the detritivore energy flow in these temperate 
headwater streams on a seasonal basis. 
CHAPTER 2. Leaf quality influences invertebrate colonisation and drift in a 
temperate rainforest stream 
(v) Leaf decomposition rates of alder leaves were faster than for cedar and eucalyptus. 
The sequence of decomposition rates of different leaf species was: Alnus rubra 
(single) ≥ A. rubra (mixed) > Thuja plicata (mixed) > T. plicata (single) > Eucalyptus 
globulus (single).  
 Alder leaves had initially higher nutrient content than the other leaves, 
which influenced higher decay rates. 
 Cedar leaves incubated in the mixed treatment decomposed faster than those 
incubated in the single treatment, indicating that rapidly decaying leaf litter 
stimulates decay of adjacent, more recalcitrant leaves. On the contrary, cedar 
leaves seemed to reduce decay of alder leaves.    
(vi) Invertebrate composition colonizing the different leaf bags placed on stream-side 
channels was similar (70% of average similarity). However, invertebrate densities, 
trophic structure (in terms of functional feeding groups) and patterns of 
colonisation strongly differed among leaf treatments.  
 Alder leaves were colonized by the highest number of invertebrates. The 
lowest invertebrate densities were observed on single cedar and eucalyptus 
bags, probably as a consequence of their poor nutrient-quality and physical 
properties. 
 Shredders and collector-gatherers were the most abundant functional 
feeding groups colonizing leaf bags. In particular, B. retifinis (shredder) and 
Corynoneura spp. (collector-gatherer) were the dominant species inhabiting 
leaf bags. 
(vii) Dominant taxa were larvae of Chironomidae midges. Corynoneura spp. colonized 
leaf bags during the first days. It seemed to be more of a fugitive (or pioneer) 
species since it comes in quickly but also gets displaced quickly. Meanwhile, B. 
retifinis seemed to track shifts in resource abundance by virtue of its short 
generation time, and colonized leaf bags by replacing Corynoneura spp. 
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(viii) There were more individuals drifting from channels with alder bags than from 
channels with cedar or eucalyptus, though these drift differences disappeared 
when mature specimens were not included in the analysis. Anyway, different drift 
mechanisms were observed among leaf treatments: 
 From channels incubated with fast decomposing leaves, invertebrates drift 
occurred when completed their development (as pupae or adults) or due to 
food quantity limitation (i.e., leaves totally decomposed). 
  From channels incubated with slow- and medium-decomposing leaves, 
larvae drift can be explained as an active drift mechanism motivated by the 
search of better food quality patches, but not for food quantity limitation.  
CHAPTER 3. Congeneric patterns in litter breakdown in two temperate forested 
headwaters 
(ix) Both studied stream sites (Galicia and Vancouver) had fairly similar 
hydromorphological and physicochemical environmental conditions, in spite of 
their geographical distance.  
(x) Decomposition rates differed significantly between sites, being faster in Galicia 
than in Vancouver. However, these differences were probably due to the different 
methodology used in each site (i.e., oven-dried vs. air-dried, leaf packs vs. bags) 
more than to the geographical context.  
(xi) Decomposition rates for alder leaves were faster than those achieved for 
eucalyptus leaves, independently of the site. Different leaf traits, such as softer 
surface and tissues or high nutrient contents, are some of the main factors that may 
increase leaf decomposition. In addition, there was a high intra-variability between 
congeneric species. 
 Alnus glutinosa and A. rubra differed strongly on P content. 
 Eucalyptus nitens and E. globulus differed on N content. 
(xii) The main source of variation in invertebrate assemblages was the biogeographical 
context (average dissimilarity between sites = 86.4%). In addition, the invertebrate 
trophic structure (i.e., functional feeding groups) of leaf packs and bags was very 
consistent between stream sites. 
 Shredders were the dominant invertebrates in both sites. 
 There was higher shredder colonisation in alder than in eucalyptus leaves. 
 The trophic structure of leaf types was similar between sites. After dominant 
taxa, alder leaves showed a similar contribution of shredder species in both 
sites, while eucalyptus leaves were colonized by collector-filterers. 
(xiii) Two genus of midges: Brillia spp. (shredder) and Corynoneura spp. (collector-
gatherer) were the dominant species inhabiting leaves in both sites (typical 
codominance in these ecosystems, see discussion Chapter 3). Thus, these species 
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may have an important functional role in the ecosystem such as potential keystone 
species. 
CHAPTER 4. Temperature and food quality control on the shredder´s life history 
traits 
(xiv) This laboratory experiment was designed to reproduce natural conditions and 
compare results with field experiments. Results achieved were similar for the 
expected growth response to temperature in field studies (Chapter 1), but differed 
in the expected effect in body size:  
 Fast development time was observed under warm conditions. 
 Larvae feeding on eucalyptus leaves were bigger than those feeding on alder 
leaves, though this result seemed to be influenced by the methodology 
applied (i.e., leaves cut in discs vs. whole leaves as those used in the 
experiment presented in Chapter 5).  
 Low percentages of mature specimens (pupae and adults) were registered. 
However, this fact could be explained by the re-capture collection design 
carried out in this experiment. 
(xv) Development time and growth rates were more influenced by temperature than by 
food quality. However, body size seemed to be influenced by food quality. 
(xvi) Temperature and food quality are important factors controlling the life history of 
B. bifida, which could strongly affect its ecological strategy of regeneration and 
colonisation, thus influencing the detritivores energy and nutrient pathways in 
these streams. 
CHAPTER 5. Physiological responses of a dominant freshwater shredder to a 
sub-optimal food resource influenced by temperature 
(xvii) Water temperature and food resources are important factors controlling the life 
history of a dominant chironomid species, through its evident influence on many 
growth-developmental parameters and elemental composition. 
(xviii) B. bifida showed great phenotypical plasticity in its life cycle completeness due to 
the great variability observed in developmental times. In addition, females were 
the dominant sex, which could reflect unbalanced sex ratios for this species in the 
natural habitat, a fact not previously registered in temperate areas. Interestingly, 
no males appeared in eucalyptus at warm temperature. 
(xix) Temperature was an important factor (34.4% of variance explained) influencing 
growth of B. bifida together with food resource (24.8% of variance explained by 
leaf type). 
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 Temperature accelerated the life cycle of B. bifida without influencing a 
larger body size. This result agrees with previous results (see Chapter 4) 
where a strong negative relationship between stream temperature and larval 
body size had been showed. 
 B. bifida larvae feeding alder leaves were larger and grew faster (measured 
as MDMmax and gmax, respectively) than those feeding on eucalyptus leaves, 
suggesting a potential effect of the food resource for this shredder. These 
results were different to those observed in the previous laboratory 
incubation (Chapter 4).  
(xx) B. bifida larvae were far out of balance with their food resources, mostly in 
eucalyptus treatments. The A14 treatment (i.e., alder leaves incubated at 14 ºC) 
showed elemental imbalances similar to those observed under natural conditions 
(i.e., controls). Larvae varied their elemental content during the incubation time, 
but larval ratios indicated that B. bifida maintained its internal homeostasis, which 
could be achieved by activation of different physiological strategies (e.g., 
respiration, excretion). 
(xxi) The quantity of FPOM released in eucalyptus treatments was the lowest registered 
during the laboratory incubation. In addition, this FPOM showed slightly higher 
values of C:P and N:P (i.e., low P) than other chambers. Therefore, it is probable 
that the FPOM of eucalyptus chambers were more P-limited than that of other 
treatments. 
(xxii) From previous studies, cold temperature and poor-quality leaves promoted bigger 
larvae, which could be understood as a benefit. However, some of these results 
could be influenced by the methodology used, as it was explained in the discussion 
of the Chapter 4. In the present study, the treatments E9 (eucalyptus leaves 
incubated at 9 ºC) showed the highest elemental imbalance.  
(xxiii) Results observed from this laboratory incubation pointed out that temperature 
was the main factor influencing the elemental composition of this shredder species, 
though depending on the food resource. B. bifida responded to cope with these 
environmental constraints (i.e., temperature and food) by attempting to balance its 
nutrient ratios in order to achieve their optimal performance. 
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As cabeceiras forestadas dos ríos son un dos ecosistemas máis representativos dos climas 
temperados. Estes pequenos ríos (regatos) son ecosistemas acuáticos heterotróficos 
influenciados enormemente pola entrada de materia orgánica dende a ribeira. O estudo das 
cadeas alimentarias baseadas no detrito é crucial xa que representan o principal percorrido 
da enerxía na maioría dos ecosistemas (>80% da biomasa vexetal remata nestas cadeas 
alimentarias). As follas entran nos ríos, ben pola caída da folla das árbores ou ben polo 
efecto das tormentas ou do vento, deste xeito, podémolas diferenciar como material en 
proceso de degradación (senescente) ou material  sen degradar (verde). Unha vez entra no 
río, esta materia orgánica é transformada en pequenas partículas mediante diversos 
factores físicos, a través do proceso de descomposición. Xa que os pequenos ríos forestados 
son sistemas cunha grande capacidade de retención, a follaxe acumúlase normalmente en 
paquetes que poden ser empregados polas comunidades de invertebrados e incorporados 
na súa biomasa. A materia orgánica considérase a miúdo coma un tipo de alimento, pero 
existen grandes diferencias cualitativas entre as partículas, e non soamente polo seu 
tamaño. Estas diferencias cualitativas (ou trazos foliares) son unha función de diversas 
características, coma por exemplo a súa procedencia, o tempo do ano e o grao de procesado, 
entre outros. 
A miúdo observamos diferentes alteracións antropoxénicas que afectan aos ecosistemas de 
auga doce, tales coma a alteración física (por exemplo, pola construción de encoros), a perda 
e degradación de hábitats, a modificación das áreas de asolagamento con construcións, a 
super-explotación, a contaminación ou a introdución de especies non-nativas. Estas 
alteracións antropoxénicas modifican de maneira significativa as características propias 
destes ecosistemas, e os sistemas lóticos (con auga en continuo movemento) considéranse 
un dos ecosistemas máis modificados do planeta. En particular, as alteracións a nivel de 
conca hidrográfica (por exemplo, na composición dos bosques) amosan claras modificacións 
na estrutura da comunidade e no funcionamento destes ecosistemas acuáticos, xa que 
perturban as súas propiedades físico-químicas así coma tamén as achegas procedentes dos 
sistemas terrestres. Por outra banda, o cambio climático está a incrementar ditas alteracións 
sobre os ecosistemas de auga doce, promovendo cambios importantes na dinámica da 
poboación, estrutura da comunidade e na integridade xenética das especies nativas. Nun 
primeiro momento a maioría de estudos enfocáronse nas alteracións dos ecosistemas 
terrestres, mais ultimamente estase a prestar unha maior atención aos ecosistemas 
acuáticos, e na actualidade xa existen numerosas publicacións científicas que resaltan a 
necesidade de protexelos. 
No ano 1829, a especie australiana Eucalyptus globulus (Labill.) introduciuse en Portugal. 
Citouse por primeira vez en Galicia no ano 1863. Polo seu interese económico, máis dun 
terzo da superficie forestal de Galicia reforestouse con esta especie non-nativa despois dos 
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anos 40, e hoxe en día o eucalipto é unha árbore moi común na paisaxe (non só en Galicia 
senón en toda a Península Ibérica) e está amplamente distribuída en forma de monocultivos. 
Este feito promove cambios nos bosques caducifolios que son característicos destas zonas, e 
tamén inflúe no momento e na natureza das entradas de follas dende a zona terrestre ata o 
río, provocando deste modo danos ecolóxicos irreversibles nos ecosistemas. Existen estudos 
que amosan os diferentes efectos negativos que provocan ditas reforestacións, coma por 
exemplo sobre a colonización microbiana e, deste xeito, na descomposición das follas. Así e 
todo, o impacto do eucalipto sobre as poboacións naturais de invertebrados esmiuzadores, é 
dicir aqueles que se alimentan das follas, permanece sen esclarecer.  
A temperatura, por outra banda, inflúe directamente na descomposición de follas, segundo a 
estación do ano na que nos atopemos, e tamén nas comunidades de invertebrados, dunha 
maneira directa ou indirecta, coma comprobaremos ao longo desta tese doutoral. Dende os 
anos 70 varios estudos comprobaron experimentalmente, que a temperatura e a calidade da 
folla son os dous factores máis importantes que afectan a historia de vida dun individuo, e 
isto, a longo prazo, afecta ao funcionamento do ecosistema. A temperatura ten un 
importante control directo sobre o crecemento e desenvolvemento dos individuos, a través 
da súa influencia nos procesos e taxas metabólicas. Ademais, a cantidade e calidade dos 
alimentos consumidos por unha larva inflúe no seu rendemento, xa que afecta a diferentes 
parámetros do seu desenvolvemento. 
A temperatura e a calidade dos alimentos son factores importantes a ter en conta xa que 
poden afectar aos diferentes parámetros fisiolóxicos dos organismos que habitan nestes 
ecosistemas, tales coma son o tempo de vida, o tamaño do corpo ou a biomasa e as taxas de 
crecemento. Todos os organismos están totalmente expostos a calquera cambio que se 
produza no medio externo, e coma resultado teñen que tomar unha serie de decisións 
ecolóxicas para sobrevivir, e sobre todo para manter a súa eficacia reprodutiva (é dicir, a 
produción da prole). Coma é lóxico, os organismos deberían responder en función de 
maximizar a súa eficacia reprodutiva, pero esta resposta depende da toma de decisións de 
cada una das especies que existen nun determinado ecosistema. A flexibilidade que poden 
ter certos organismos para realizar estes cambios permítelles axustar os seus 
comportamentos ás novas condicións, reducindo os posibles efectos negativos e, deste xeito, 
minimizando as consecuencias para a súa poboación. 
En xeral, os organismos regulan o seu contido interno ou elemental, segundo i) os cambios 
que acontecen no medio externo e ii) a dispoñibilidade que teñan para acadar un equilibrio 
óptimo e continuar a súa existencia nun determinado hábitat. Este equilibrio óptimo 
acádase a través da homeostase no organismo, a cal depende de diferentes procesos 
fisiolóxicos coma son a regulación da toma dos alimentos, a súa incorporación  ou ben a 
liberación/almacenamento dos mesmos. Estes tres procesos fisiolóxicos están 
determinados en grande medida por i) os requisitos elementais dos propios organismos e ii) 
o equilibrio dispoñible na súa contorna. Ademais, esta relación é bidireccional ou recíproca 
(bottom-up e top-down).  
Dende o século pasado realizáronse unha gran cantidade de estudos que permiten a 
interpretación das relacións recurso-consumidor, tanto a nivel de ecosistema coma a escalas 
mais concretas (por exemplo, nivel de especie). E nas últimas décadas xurdiu unha nova liña 
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de investigación, coñecida coma estequiometría ecolóxica, que comeza a ser moi importante 
no ámbito da Ecoloxía xa que permitan identificar as consecuencias do desequilibrio 
elemental/bioquímico que se produce entre recurso e consumidor. Se chegamos a 
comprender os efectos interactivos da temperatura e da calidade dos alimentos, poderemos 
avaliar a eficacia ecolóxica de cada individuo, e as súas respostas, coa finalidade de 
cuantificar as súas consecuencias, coma por exemplo a transferencia de materia orgánica e o 
ciclado de nutrientes a través de cadeas alimentarias. Para obter esas respostas, precisamos 
dunha relación directa. Así e todo, é difícil separar os efectos de factores coma son a 
temperatura e o alimento, que poden influír nos procesos e nas taxas metabólicas dos 
organismos de maneira conxunta, a non ser que se realicen experimentos controlados coma 
os presentados neste traballo. 
Esta tese titulada “A vía detritívora nas cabeceiras forestados: O papel dunha especie 
dominante no ecosistema” céntrase no estudo da cadea alimentaria dos pequenos ríos 
Galicia que posúen unha elevada cantidade de árbores na ribeira tan característicos dos 
climas temperados, e nos invertebrados que habitan e se alimentan da materia orgánica 
dominante nos mesmos, os esmiuzadores. Este traballo abrangue diferentes estudos de 
campo e de laboratorio levados a cabo para comprobar a importancia desta especie 
dominante e analizar a influencia da temperatura e calidade de alimentos como factores que 
controlan o seu ciclo de vida e atributos ecolóxicos, o que consecuentemente podería causar 
un impacto sobre todo o ecosistema. 
A presente tese consta dunha introdución  ao tema de estudio cunha revisión xeral dos 
conceptos e teorías ecolóxicas que están detrás deste estudo e describe a liña de 
investigación seguida ao longo da mesma. Esta primeira parte achéganos ao mundo da 
ecoloxía dos pequenos ríos forestados, destacando os seus principais compoñentes (é dicir, 
hábitat, recursos e consumidores) e os principais factores que poden influenciar na súa 
estrutura e funcionamento. Ademais, inclúe unha ampla revisión bibliográfica, as áreas de 
estudo, a(s) especie(s) de interese e os principais obxectivos da tese doutoral.  
A continuación, diferéncianse dúas seccións principais que separan os estudos levados a 
cabo para a realización deste traballo, en función do nivel de organización ecolóxico. A 
primeira sección inclúe todos os estudos a nivel de ecosistema e poboación, namentres que 
a segunda sección inclúe os experimentos a nivel de especie. 
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SECCIÓN I. RELACIÓNS ENTRE O HÁBITAT E OS INVERTEBRADOS ASOCIADOS NOS 
PEQUENOS RÍOS FORESTADOS DE CLIMAS TEMPERADOS 
Nesta primeira sección, descríbense os estudos de campo realizados en distintas áreas 
xeográficas: Galicia (NO España) e Vancouver (SO Canadá) nos últimos anos. Cada un destes 
estudos aparece nun capítulo separado (Capítulos 1 e 2), e despois ámbolos dous estudos 
agrúpanse para facer unha comparación latitudinal dentro dun clima temperado (Capítulo 
3). 
As dúas áreas xeográficas están localizadas  dentro do clima temperado no hemisferio Norte 
e seleccionáronse por: 
 A enorme cantidade de pequenos ríos forestados que posúen con influencia oceánica. 
 O seu réxime hidrolóxico, caracterizado por precipitacións anuais superiores aos 1000 
mm. 
 A súa elevada diversidade, porcentaxe de especies endémicas e especies conxéneres 
semellantes. 
CAPÍTULO 1. Historia de vida e produción secundaria dun quironómido detritívoro 
nun pequeno río forestado. 
En estudos previos demostrouse a existencia de variacións na temperatura e no alimento 
ao longo dun ano. En consecuencia, aquí descríbese a incubación no río de paquetes de 
follas (feitos con diferentes especies de árbores) baixo distintas condicións ambientais 
(estacións climáticas opostas: primavera e outono). Os obxectivos deste primeiro 
capítulo foron (i) estudar o ciclo de vida dunha especie de invertebrado detritívoro que 
habita dun xeito dominante os paquetes de follas no río: Brillia bifida (Kieffer 1909) e (ii) 
cuantificar a produción secundaria atribuíble aos diferentes tipos de comida nunha base 
estacional, para poder así determinar a súa contribución na vía detritívora destes 
pequenos ríos de clima temperado. Os obxectivos deste estudo acadáronse mediante a 
realización dun mostreo cuantitativo dos invertebrados e dos diferentes paquetes de 
follas.  
Colocáronse diversos paquetes con follas ao azar nun tramo de estudio (≈ 50 m) 
seleccionado durante as dúas estacións. Os paquetes construíronse con follas de 
diferentes especies de árbores caducifolios que abranguen a elevada diversidade 
presente nos ríos galegos. As especies seleccionadas foron: Alnus glutinosa (L.) Gaertn. 
(A), Betula alba L. (B), e Populus alba L. (Pc), Castanea sativa Mill. (C), Quercus robur L. 
(Q)), coma especies caducifolias e nativas, outras coma Pinus radiata D. Don (P) e 
Eucalyptus nitens (H. Deane and Maiden) Maiden (E)) seleccionadas por ser especies 
perennes e exóticas, e tamén paquetes de herba seleccionada pola abundancia de zonas 
de pastoreo na conca fluvial dos ríos galegos (Lolium perenne L. (G)).  
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En cada unha das estacións nas que o estudo levouse a cabo (primavera e outono), 
retiráronse os paquetes de follas a diferentes tempos, cun total de 6 recollidas nun 
período de aproximadamente 40 días (≈ 1 recollida por semana). Deste xeito, 
estimáronse os datos de abundancia, densidade, biomasa total e produción de B. bifida en 
cada tempo de recollida para todos os tipos de follas e durante ámbalas dúas estacións. 
A produción secundaria estimouse mediante o método do tamaño-frecuencia que ten en 
conta: a) os diferentes tamaños dos individuos, o número de individuos perdidos 
(presuntamente por mortalidade) e b) a biomasa entre dúas recollidas. Considerando as 
diferentes clases de tamaño, agrupáronse os datos e estimouse o valor medio de 
produción de cada cohorte, o cal á súa vez foi multiplicado polo número de estadíos 
larvarios (é dicir, clases de tamaño que ten a especie en particular). Mediante 
experimentos realizados no laboratorio, e que se presentan na segunda sección da 
presente tese, conseguiuse estimar o CPI (intervalo de produción de cada cohorte), que 
representa o tempo (en días) de desenvolvemento larvario. Xa que o tempo de 
desenvolvemento larvario é moi pequeno, e o período de mostraxe feita foi menor dun 
ano (período estimado como apropiado para facer os cálculos de produción), as estimas 
de produción corrixíronse mediante a multiplicación polo tempo de mostreo/CPI, de 
acordo ás correccións requiridas para obter unhas estimas fiables. Finalmente, tendo en 
conta este estudo e mais outros realizados en zonas próximas coma Portugal, estimouse a 
produción total de Brillia bifida no río estudado. As estimas de produción realízanse 
nunha escala estacional (por paquete de folla) e tamén nunha escala anual. Aínda que as 
técnicas de mostraxe simularon ás empregadas dende hai décadas nas estimas de 
produción secundaria, este estudo presenta unha particularidade, xa que utiliza unha 
aproximación metodolóxica que é innovadora. Normalmente, as estimas de produción 
realízanse coma estimas por superficie, xa que o mostreo realízase mediante “surbers”, 
aínda que dentro dese área existan zonas onde existen organismos e outras nas que non. 
Neste estudo considérase que estes valores non reflicten exactamente a realidade que 
acontece no ecosistema xa que supoñen infra-estimas, namentres que as estimas 
conseguidas en “paquetes de follas” consideramos que representan un potencial de 
produción máis achegado á realidade. 
Resultados e Conclusións 
Brillia bifida (Chironomidae, Diptera) resultou ser a especie de esmiuzador dominante 
que habita nos paquetes de follas no río Mera (Galicia, NO España). Esta especie 
resulta ter un ciclo de vida multivoltino, coa posibilidade de producir adultos de forma 
continua durante todo o ano. Non obstante, a súa dependencia da temperatura 
caracterízaa coma unha especie que emerxe en grande medida nos meses cálidos, e 
que ten unha excelente capacidade para colonizar e recolonizar os paquetes de follas, 
sobre todo aqueles que teñen unha boa calidade nutritiva. 
A especie de esmiuzador B. bifida parece estar sometida a diferentes “limitacións” no 
río de estudo, xa que:  
 As densidades destes individuos, a biomasa total e, deste xeito, a produción 
foron máis altas durante os meses máis cálidos que durante os meses de outono 
ou inverno. 
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 Un maior número de individuos apareceu nos paquetes construídos con follas 
de ameneiro e bidueiro, o que parece apoiar a suposta prioridade por 
alimentarse neste tipo de follas caducas. Namentres, as follas de eucalipto e de 
piñeiro, ámbalas dúas follas de árbores non nativos, amosaron unha cantidade 
de individuos moi baixa, o que podería ser o resultado dunha non prioridade 
fronte a este tipo de follas perennes e exóticas, así coma un posible efecto 
negativo no desenvolvemento desta especie. 
 As larvas recollidas durante os meses de outono ou inverno foron máis grandes 
que as larvas recollidas durante os meses máis cálidos. Aínda que este resultado 
podería interpretarse coma un “custo” da eficacia reprodutiva da especie, na 
discusión deste capítulo suxírese que a mellor estratexia de vida desta especie é 
“non engordar”. 
 Coma consecuencia dos resultados expresados con anterioridade, os valores da 
produción amosaron unha diferente contribución de B. bífida á produción anual 
no río Mera. A produción foi maior durante os meses cálidos en todas as 
especies de follas empregadas. Ademais, estes valores de produción variaron en 
función do tipo de folla e da súa procedencia. Rexistráronse uns valores moi 
elevados nalgunhas especies nativas de folla caduca (por exemplo, ameneiro e 
bidueiro), que contrastaron cos valores máis baixos rexistrados nas follas de 
árbores exóticas coma son as agullas de piñeiro e as follas de eucalipto. 
Neste estudio, proponse unha nova aproximación metodolóxica para realizar as 
estimas de produción secundaria. Os elevados valores de produción atopados neste 
estudio poderían ofrecer respostas a diferentes enigmas ecolóxicos que son 
frecuentes para os ecólogos coma por exemplo a paradoxa de Allen (ver a discusión do 
capítulo 1). 
Este estudio pon de manifesto que o esmiuzador B. bifida está suxeito á variabilidade 
estacional característica destes pequenos regatos forestados de Galicia e tamén ao 
tipo de folla que come. Estes factores comprobamos que inflúen nas estimas de 
produción, xa que parecen modificar o seu ciclo de vida e, posiblemente, o seu número 
de descendentes. A temperatura e a calidade dos alimentos parecen ser factores 
importantes no control da historia de vida de B. bifida, o que podería afectar 
fortemente a súa estratexia ecolóxica de rexeneración e colonización, e deste xeito 
modificar a vía detritívora. Con estes resultados pódese prever que a substitución de 
árbores, coma o ameneiro e o bidueiro, por monocultivos de eucalipto vai diminuír a 
produción deste invertebrado dominante nestes regatos, con posibles consecuencias 
ecolóxicas para o ecosistema.  
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CAPÍTULO 2. A calidade da folla inflúe os procesos de colonización e deriva nun 
pequeno río temperado. 
Este capítulo describe un estudo realizado en canles experimentais en Vancouver (SO 
Canadá). Este capítulo pretende avaliar as respostas que realizan os invertebrados fronte 
as entradas de follas de diferentes especies de árbores, é dicir os movementos de 
inmigración e emigración, e a interacción entre as forzas bióticas e abióticas nos procesos 
de colonización e deriva dos invertebrados que as habitan. 
Estudos previos nesta área demostraron que i) a calidade e a diversidade das follas 
inflúen as taxas de descomposición, ii) a calidade do recurso alimenticio é un factor que 
limita as poboacións de invertebrados e que iii) os invertebrados prefiren as bolsas de 
mellor calidade nutritiva, realizouse un experimento no que manipuláronse o tipo de 
follas que podían colonizar os invertebrados no verán, época do ano na que se producen 
as mellores condicións para o desenvolvemento das especies nestes ríos. Este 
experimento realízase para estudar as poboacións de invertebrados acuáticos que 
habitan as follas, supoñendo que a calidade da folla e tamén a súa diversidade promoven 
cambios na súa dinámica (é dicir nos movementos de colonización e deriva). 
Este experimento difire do anterior en canto á metodoloxía: 
 Por unha banda, o experimento levouse a cabo no campo (igual ca antes), pero 
esta vez a incubación fíxose en canles experimentais, e non directamente no río. 
 Por outra banda, a incubación dos distintos tipos de follas tivo lugar en bolsas 
(deseñadas con mallas) e no seu interior introducíronse as follas, e non en 
paquetes de follas libres coma no anterior experimento de campo. 
Para acadar os obxectivos deste estudo, seleccionáronse follas de dúas especies de 
árbores nativas (ameneiro e cedro) e unha exótica (follas de eucalipto), e construíronse 
diferentes bolsas: unhas con follas dunha única especie e outras coa mestura das dúas 
especies nativas. As follas de ameneiro (Alnus rubra) escolléronse polo seu alto contido 
en nitróxeno, as de cedro (Thuja plicata) por mor da súa posición dominante na zona 
(ademais é unha especie nativa tipo coníferas), e as follas de eucalipto, especie exótica 
distribuída por unha gran parte do mundo en plantacións forestais coa finalidade de 
obter papel, madeira ou químicos. A pesar de non ser unha especie introducida en 
Canadá, realizouse esta incubación co fin de poder facer comparacións con diferentes 
zonas xeográficas localizadas dentro do clima temperado.  
O experimento consistiu na construción de 16 canais experimentais, nos que se 
incubaron os catro tipos de follas de xeito independente (4 réplicas por cada tipo de 
folla) durante un período de 56 días. Durante a incubación realizouse a recollida dos 
paquetes de follas a diferentes tempos, dende o tempo 0 ata o tempo 56, de xeito 
exponencial. Ademais colocáronse unhas redes de deriva ao final das canles 
experimentais para estimar as taxas de emigración estimadas en cada un dos tempos de 
recollida durante un período de 24 horas. Deste modo, estimáronse as taxas de 
descomposición das follas, a dinámica dos nutrientes e as respostas de invertebrados 
(entrada e saída) durante a incubación. 
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Resultados e Conclusións 
Unha vez completado o estudo, pódese dicir que os resultados foron complexos. 
Atopáronse diversas interaccións entre as especies e procesos ecolóxicos. 
A taxa de descomposición estivo determinada pola calidade das follas, con 
independencia da súa orixe (é dicir, nativas ou exótica) ou da diversidade do 
tratamento (é dicir, unha especie ou mistura de especies). O ameneiro descompúxose 
máis rápido ca o cedro e o eucalipto de maneira significativa. A secuencia observada 
foi: Alnus rubra (tratamento cunha especie) ≥ A. rubra (tratamento coas dúas 
especies)> Thuja plicata (tratamento coas dúas especies)> T. plicata (tratamento 
cunha especie)> Eucalyptus globulus (tratamento cunha especie).  
As follas de ameneiro amosaron un maior contido de nutrientes que as outras follas, o 
que parece que influíu nas maiores taxas de descomposición observadas. 
Curiosamente, as follas de cedro incubadas no tratamento de mistura (coas dúas 
especies nativas), descompoñéronse dun modo máis rápido do que fixeron ao 
incubalas en solitario, o que parece indicar que as follas de descomposición rápida 
(coma o ameneiro) aceleran a descomposición do material adxacente e máis 
recalcitrante. Pola contra, as follas de cedro parecen reducir a descomposición das 
follas de ameneiro. 
A composición dos invertebrados que colonizaron as bolsas dos diferentes canais 
experimentais foi semellante (70% similitude entre follas de diferentes especies). Non 
obstante, as densidades dos invertebrados, a estrutura trófica (en termos de grupos 
funcionais de alimentación) e os patróns de colonización diferiron enormemente 
entre os diferentes tratamentos aplicados: 
 O maior número (e densidade) de invertebrados rexistrouse nas follas de 
ameneiro, namentres que as densidades mais baixas atopáronse nas follas de 
cedro e eucalipto (nos tratamento cunha única especie), probablemente coma 
consecuencia das súas propiedades nutritivas e físicas. 
 Os invertebrados dos grupos funcionais dos esmiuzadores (B. retifinis) e 
colectores-recolectores (Corynoneura spp.) foron os máis abundantes nas bolsas 
de follas.  
 En particular, as larvas de mosquitos quironómidos, B. retifinis e Corynoneura 
spp.) foron as especies dominantes. Os individuos pertencentes á especie 
Corynoneura colonizaron as bolsas de follas durante os primeiros días, polo que 
parece ser unha especie fuxitiva (ou pioneira), que se despraza rapidamente. 
Namentres que B. retifinis coloniza as bolsas un pouco máis tarde, aínda que 
tamén o fai rapidamente en virtude do seu tempo de xeración curto, e substitúe 
ás Corynoneura spp. Esta especie parece detectar os cambios na cantidade e 
calidade do alimento. 
Houbo máis individuos á deriva, é dicir emigraron máis individuos, das canles con 
bolsas de ameneiro que das canles con follas de cedro ou eucalipto. 
Sorprendentemente, estas diferencias na deriva desapareceron cando os individuos 
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maduros, é dicir as “pupas” ou os “adultos”, elimináronse dos análises. Deste xeito, a 
dinámica de invertebrados pode explicarse polo control que realiza a calidade 
nutritiva da folla e tamén polas características específicas dos ciclos de vida dos 
consumidores dominantes: 
 Por unha banda, a deriva de invertebrados dende as follas de descomposición 
rápida, coma o ameneiro, aconteceu cando as larvas completaron o seu 
desenvolvemento ou ben, coma consecuencia da limitación por cantidade de 
alimentos (é dicir, cando xa non existe materia orgánica para consumir pola 
rápida descomposición).  
 Por outra banda, a deriva de invertebrados dende as follas de descomposición 
media ou lenta, coma o cedro e o eucalipto, pode explicarse coma un mecanismo 
de deriva activo, motivado pola busca de alimentos con mellor calidade 
nutritiva, pero non coma consecuencia da limitación por cantidade. 
En resumo, parece que o procesado da folla en canais experimentais está determinado 
polos trazos físicos e químicos das follas e polo seu efecto combinado. Estes trazos 
poden influenciar a colonización e a deriva dos invertebrados, e por suposto teñen un 
enorme potencial para a modificación da vía detritívora en canto á transferencia de 
materia orgánica que queda a disposición dos niveis tróficos superiores. 
CAPÍTULO 3. Patróns latitudinais de descomposición e colonización en pequenos 
ríos forestados dentro do clima temperado. 
Este capítulo compara os estudos expostos nos dous capítulos anteriores. A pesar da 
enorme cantidade de estudos realizados en pequenos ríos forestados de clima 
temperado, existen moi poucos estudos comparativos entre ríos con características  
análogas localizados en diferentes latitudes. 
O obxectivo desta comparación foi estudar a dinámica de colonización de invertebrados 
durante o proceso de descomposición de follas en diferentes áreas bioxeográficas que 
teñen un clima temperado. Para iso xuntáronse as bases de datos dos dous experimentos 
de campo explicados nos dous capítulos anteriores (en ríos e canles experimentais). 
Ámbolos dous ríos forestados pertencen ao clima temperado e posúen influencia 
oceánica, aínda que nun caso trátase do Océano Atlántico e no outro caso do Océano 
Pacífico. Este estudo levouse a cabo xa que ámbalas dúas zonas comparten especies 
conxéneres de invertebrados (Brillia spp.) e de árbores de ribeira (Alnus spp.) de forma 
natural. Ademais, engadiuse unha especie exótica para ampliar a comparación e avaliar a 
posibilidade de realizar extrapolacións dos estudios feitos en sistemas análogos. Tendo 
en conta a existencia de diferencias e similitudes no contido de nutrientes, dureza e taxas 
de descomposición das follas, analizáronse os aspectos ecolóxicos comúns que leva a 
cabo esta especie dominante no procesado das follas. 
Os ríos estudados nas dúas rexións resultaron ser comparables, en termos 
hidromorfolóxicos e físico-químicos. Malia súa distancia xeográfica, a temperatura media 
atópase normalmente ao redor dos 12 ºC, durante a primavera e o verán, en ámbolos 
dous sitios.  
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Resultados e Conclusións 
Os resultados desta comparación indicaron que as taxas de descomposición variaron 
de maneira significativa entre os dous sitios de estudo, xa que a descomposición en 
Galicia foi máis rápida que en Vancouver. Con todo, esas diferencias probablemente 
debéronse á diferente metodoloxía empregada en cada sitio (paquetes vs. bolsas de 
follas; material seco ao forno vs. seco ao aire) máis que ao contexto xeográfico.  
Os diferentes trazos e características foliares, tales coma a estrutura física ou o 
contido en nutrientes, son algúns dos principais factores que poden modificar a taxa 
de descomposición das mesmas. Pero ademais destas diferencias, púidose observar a 
existencia dunha alta variabilidade no contido de nutrientes entre especies de follas 
conxéneres:  
 As follas de ameneiro incubadas en Galicia (Alnus glutinosa) posúen un maior 
contido de P que as súas conxéneres incubadas en Vancouver (A. rubra). A 
pesar destas diferencias, as taxas de descomposición foron semellantes 
(ámbalas dúas son especies de rápida descomposición).  
 As follas de eucalipto incubadas en Galicia (Eucalyptus nitens) posúen mais 
contido en N e descompóñense máis rápido que as súas conxéneres incubadas 
en Vancouver (E. globulus). 
Con respecto ás poboacións de invertebrados que habitaron as follas, o presente 
estudo demostrou que o factor bioxeográfico resultou ser a principal fonte de 
variación (86,4%), seguido por unha forte influencia do tipo de folla empregada: 
 A identificación dos exemplares realizouse ao mínimo nivel taxonómico 
posible, é dicir ao nivel de xénero/especie na maior parte dos casos, polo que é 
coherente a ampla variación observada en relación ao factor bioxeográfico. 
Este porcentaxe de variación diminuiría en grande medida se tivéramos en 
conta un nivel taxonómico maior. 
 Houbo máis invertebrados colonizando as follas en Vancouver que en Galicia, e 
ademais as follas de ameneiro resultaron ser o recurso “preferido” nos dous 
sitios. A pesar das enormes diferencias atopadas entre os dous sitios con 
respecto ás densidades de invertebrados, os resultados amosaron unha 
estrutura trófica semellante (é dicir, grupos de alimentación funcional) entre 
os dous sitios e as distintas especies de follas.  
 O grupo dos esmiuzadores foi o máis dominante en ámbolos dous sitios, aínda 
que sempre observouse unha maior colonización nas follas de ameneiro ca nas 
de eucalipto. 
Os individuos pertencentes ás especies Brillia (esmiuzador) e Corynoneura (coletor-
recolector) resultaron ser as dominantes nos dous sitios. Este tipo de co-dominancia é 
típico nestes ecosistemas acuáticos dentro dun clima temperado, e pode influenciar en 
grande medida ao procesado das follas e a ciclaxe de nutrintes. Deste xeito, 
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considérase que estas especies poden ter un papel funcional importante no 
ecosistema, denominadas “especies clave” (do inglés “keystone species”). 
Ademais das especies dominantes, os resultados amosan que a estrutura trófica nos 
paquetes/bolsas de follas é semellante, independentemente do sitio. De feito as follas 
de ameneiro mostraron unha elevada contribución de especies pertencentes ao grupo 
dos esmiuzadores. Pola contra, nas follas de eucalipto estes individuos aparecen en 
menor proporción e aparecen outras especies colonizando as follas, que pertencen ao 
grupo dos colectores-filtradores. 
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SECCIÓN II. EVIDENCIAS EXPERIMENTAIS DE CONTROIS SOBRE A HISTORIA DE VIDA 
DUN TRITURADO DOMINANTE 
A segunda sección inclúe dous capítulos que abranguen os distintos estudos realizados no 
laboratorio (microcosmos) para facer os estudos ao nivel de especie, nos que preténdese 
estudar a especie dominante en profundidade. Nestes experimentos, reproducíronse as 
condicións naturais dos pequenos ríos forestados baixo condicións controladas e sen que 
exista a influencia de ningún outro factor que poda influenciar nos resultados coma é máis 
probable nos estudos de campo. A especie empregada nestes experimentos foi o esmiuzador 
B. bifida. Estes experimentos leváronse a cabo para entender con exactitude cómo a 
temperatura e a calidade do alimento están a controlar a historia de vida desta especie 
dominante, a qué parámetros fisiolóxicos afecta en maior ou menos grao e cales son as 
posibles consecuencias de cada un dos tratamentos aplicados. 
CAPÍTULO 4. O papel da temperatura e a calidade do alimento na historia de vida 
dun esmiuzador dominante. 
Este estudo trata de cuantificar o efecto da temperatura e da calidade do alimento nos 
diferentes parámetros do desenvolvemento dunha especie de esmiuzador dominante. 
Este experimento de laboratorio levouse a cabo para complementar os resultados 
obtidos no estudo de campo explicado no primeiro capítulo, e tal e coma mencionouse 
con anterioridade para poder discernir a influencia de cada un destes factores.  
O deseño experimental incluíu 6 tratamentos que diferiron en función da temperatura e 
da calidade do alimento. Os valores de temperatura seleccionados correspóndense cos 
máximos estacionais propios dos ríos galegos (é dicir, 12 º C e 17 ° C), e a calidade do 
alimento diferiu en canto ao contido en nutrientes (alimento de calidade nutritiva “rica” 
fronte alimento de calidade “pobre”) e á súa orixe (especie nativa fronte especie exótica): 
ameneiro (Alnus glutinosa (A)), eucalipto (Eucalyptus globulus (E)), e un tratamento 
cunha mestura das dúas follas (AE). A selección das especies realizouse seguindo as 
mesmas pautas ca nos anteriores experimentos.  
Este experimento incluíu unha análise de medidas repetidas para poder dispoñer dunha 
secuencia continua do desenvolvemento larvario, e as follas foron ofrecidas ás larvas en 
discos para permitirlles un acceso completo ao interior das follas. Catro larvas 
pertencentes ao segundo estadío larvario criáronse en cámaras, cun fotoperíodo de 
12:12 h, ata o momento de maduración (é dicir, ata que chegaron á fase de pupa e 
emerxeron coa forma adulta). Esta incubación transcorreu simultaneamente en todos os 
tratamentos ata que as larvas emerxeron, deste xeito nalgúns tratamentos a incubación 
rematou pronto (aproximadamente en 20 días) namentres que noutros a incubación foi 
moito máis longa. 
Os efectos provocados pola temperatura e pola calidade do alimento estimáronse 
mediante a observación da fenoloxía do individuo, e coa medición de diferentes 
parámetros: tempo de desenvolvemento larvario, tempo de pupación ou emerxencia, 
tamaño das larvas e peso corporal, taxa de crecemento e relación entre machos e femias. 
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Resultados e Conclusións 
Os resultados atopados neste experimento apoian os resultados das incubacións 
realizadas no campo (explicadas no primeiro capítulo) en relación ao efecto da 
temperatura e o desenvolvemento. Observouse un desenvolvemento máis rápido nos 
tratamentos onde a temperatura era maior. Así e todo, os resultados obtidos neste 
experimento difiren dos atopados no primeiro experimento de campo no que respecta 
ao efecto esperado da calidade do alimento sobre o tamaño corporal. Na discusión 
deste capítulo asúmense que as principais diferencias observadas no tamaño e peso 
das larvas son o resultado da metodoloxía aplicada. De feito, neste experimento as 
larvas non estiveron limitadas pola forte cutículas das follas do eucalipto xa que as 
follas ofrecéronselles en forma de discos, de xeito que facilitóuselles o acceso ao 
interior do parénquima foliar, que parece ser un factor “limitante” para moitas 
especies de invertebrados. 
Pódese concluír, de ámbalas dúas incubacións, que o tempo de desenvolvemento 
larvario está máis influenciado pola temperatura que pola calidade do alimento. Non 
obstante, o menor ou maior tamaño corporal e a maior ou menor taxa de crecemento 
parece estar máis relacionada coa dispoñibilidade de alimentos e pola súa calidade 
nutritiva que pola temperatura. 
Os resultados atopados neste estudo coinciden coa estratexia de ciclo de vida da gran 
maioría das especies de quironómidos, que buscan maximizar a adquisición de 
enerxía ao longo das fases larvarias, minimizar a duración da fase adulta e deste xeito 
mellorar a súa eficacia reprodutiva. 
Ao final deste estudo, aínda quedan moitas preguntas sen resposta (por exemplo, qué 
lle ocorre ás larvas para que tomen unha decisión ou outra, cómo estes factores, a 
temperatura e a calidade do alimento, afectan á toma desas decisións, etc…). Por isto, 
suxírese que estas respostas individuais deben de ser analizadas dende un punto de 
vista máis concreto, coma por exemplo a través da análise do contido elemental, xa 
que probablemente, e apoiándonos nos actuais avances que se están a facer no campo 
da estequiometría ecolóxica, é a mellor maneira de mellorar o noso coñecemento da 
dinámica das especies e as posibles consecuencias ecolóxicas para o ecosistema. Por 
todo isto, xurde a idea de realizar un novo experimento no que poder acadar a 
resposta a todas estas novas preguntas e que constitúe o último capítulo desta tese 
doutoral. 
CAPÍTULO 5. Desequilibrios elementais provocados polas variacións de 
temperatura e a calidade do alimento nunha especie de esmiuzador dominante.  
Este último estudo trata de avaliar o efecto dos cambios da temperatura e da calidade do 
alimento na historia de vida dunha especie dominante (B. bifida) mediante unha análise 
elemental de todos os compoñentes involucrados na vía detritívora dos pequenos ríos 
forestados. Preténdese coñecer en qué medida ambos factores poden determinar o 
funcionamento destes ecosistemas.  
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Coma consecuencia dos resultados obtidos dos estudios presentados nos capítulos 
anteriores, e baseándonos en que i) un recurso alimenticio de pouca calidade nutricional 
afecta negativamente a diferentes parámetros do desenvolvemento desta especie, e ii) 
que o aumento da temperatura pode incrementar estes efectos negativos, realizouse este 
estudo para cuantificar o efecto por separado de cada un destes factores e avaliar as 
complexas respostas que provocan. 
O experimento levouse a cabo mediante a incubación das larvas no laboratorio baixo 
diferentes temperaturas (14 ºC e 9 ºC) e con tres tipos de follas que posúen diferentes 
características físicas e químicas (e tamén na orixe). A selección das temperaturas e tipos 
de follas para levar a cabo este estudo foi semellante á exposta con anterioridade. As 
temperaturas deste estudio reflicten a temperatura media de dúas estacións climáticas, e 
a calidade do alimento diferencia calidade nutritiva así coma orixe.  
Esta incubación tenta reproducir as condicións naturais que se atopan nos pequenos ríos 
forestados, destacando a relación consumidor-recurso. Ademais, incorpora un enfoque 
estequiométrico, gracias á análise da composición elemental dos tres compoñentes 
básicos: follas (recurso), larvas (consumidor) e posterior produción de materia orgánica 
fina durante todo o tempo que dura a incubación (material producido no proceso de 
descomposición das follas e que queda a disposición de outros consumidores). 
Neste experimento, as larvas incubáronse e alimentáronse ad libitum para poder seguir o 
seu desenvolvemento durante un máximo de 64 días. As cámaras de incubación contaron 
cun sistema de aireación en continuo e un fotoperíodo de 12:12h. As cámaras 
recolléronse cada 4 días sen substitución. Neste experimento, non existen as medidas 
repetidas dos mesmos individuos co fin de evitar a elevada mortalidade atopada no 
anterior experimento. Neste caso, en cada tempo de recollida, separábanse as larvas, as 
follas e filtrábase o material producido nas cámaras de incubación. Despois realizábanse 
as medidas necesarias e almacenábanse as mostras para a súa análise elemental no 
laboratorio. Ao final da incubación, estimáronse diferentes parámetros tales coma o 
tempo de desenvolvemento larvario, o crecemento, a produción de materia orgánica e o 
contido elemental de todos os compoñentes: larvas, follas e materia producida durante a 
incubación.  
Resultados e Conclusións 
Os resultados deste estudo evidencian que o efecto da temperatura e da calidade do 
alimento son dous factores moi importantes no control da historia de vida desta 
especie dominante, a través da súa influencia nos diferentes parámetros do 
desenvolvemento desta especie, e tamén na súa composición elemental. Deste xeito, 
pódense deducir as potenciais consecuencias ecolóxicas en diferentes procesos do 
ecosistema. 
A especie B. bifida mostrou unha grande plasticidade fenotípica para poder completar 
o seu ciclo de vida. Este feito comprobouse xa que as larvas presentaron unha grande 
variabilidade en canto aos seus tempos de desenvolvemento. En función dos 
diferentes tratamentos as larvas tardaron en desenrolarse aproximadamente uns 20 
días nuns tratamentos, namentres que noutros tardaron 64 días. 
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As femias resultaron ser o sexo dominante, o que podería indicar a existencia nesta 
especie dun desequilibrio sexual no hábitat natural. Este feito é importante xa que non 
existen estudos previos que rexistren estas diferencias dentro do clima temperado. 
Por outra banda, observouse un resultado moi curioso, xa que non apareceu ningún 
macho cando as larvas comeron follas de eucalipto e crecían baixo temperaturas 
cálidas. 
Ademais, atopáronse varias alteracións nos diferentes parámetros do 
desenvolvemento desta especie, que parecen ser a consecuencia directa dos 
diferentes tratamentos de temperatura e calidade do alimento: 
 A temperatura acelerou o ciclo de vida de B. bifida, independentemente de que 
as larvas tivesen un maior ou menor tamaño. Este resultado concorda cos 
resultados anteriores, de campo e laboratorio, onde se atopara unha forte 
relación negativa entre a temperatura e tamaño das larvas. 
 As larvas de B. bifida alimentadas con follas de ameneiro foron máis grandes e 
creceron máis rápido cas alimentadas con eucalipto, o que suxire un efecto da 
calidade do alimento para esta especie de esmiuzador. Este resultado coincide 
coas nosas suposicións e verifica a hipótese exposta no anterior capítulo no que 
se propoñía que a cutícula das follas parecía impedir o acceso ao interior das 
follas e, coma consecuencia, limitar o seu crecemento. 
 A temperatura resultou ser o factor máis importante que restrinxe o 
crecemento de B. bifida (xa que explicou un 34,4% da varianza), xunto co 
recurso alimenticio (24,8%). 
O contido elemental dos diferentes recursos alimenticios aplicados neste experimento, 
xunto coa variación de temperatura, provocaron unha grande variación na composición 
elemental das larvas (análise estequiométrico). Os resultados deste sistema experimental 
baseado no detrito proban que, baixo condicións naturais, as larvas de B. bifida están 
claramente fóra do equilibrio no que respecta á súa comida, sobre todo nos tratamentos de 
eucalipto. O maior desequilibro da relación atopouse no tratamento de eucalipto en 
temperaturas cálidas, namentres que o maior desequilibro da relación C:P atopouse nos 
tratamento de mistura de alimentos, tamén a temperaturas cálidas. Ademais, a análise 
elemental da materia orgánica particulada fina (FPOM) amosou que as relacións C:P e N:P 
máis baixas atopáronse nos tratamentos de eucalipto, o cal parece indicar que as cámaras 
nas que incubouse o eucalipto poden estar máis limitadas por P que as cámaras nas que 
incubáronse outro tipo de follas. 
As larvas variaron o seu contido elemental (C, N e P) durante o período de incubación, pero 
as relacións entre nutrientes (C:N, C:P e N:P) amosaron que B. bifida foi capaz de manter a 
súa homeostase interna. Suxírese que esta homeostase acádase mediante a activación de 
diferentes estratexias fisiolóxicas (por exemplo, respiración, excreción). B. bifida parece ser 
capaz de manexarse baixo estas “limitacións” ambientais, que promoven cambios nas 
concentracións internas dos nutrintes nestes individuos, mediante un equilibrio das 
relacións elementais co fin de lograr a súa eficiencia ou rendemento óptimos.  
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O mellor desenvolvemento larvario observouse cando as condicións experimentais eran 
análogas ás que acontecen na natureza (é dicir, cando están alimentadas con follas de boa 
calidade nutritiva e en temperaturas cálidas). Non obstante, cando as condicións están lonxe 
desas condicións ambientais, prodúcense diversas respostas que poden modificar o 
funcionamento destes ecosistemas baseados no detrito. Por todo esto, considérase que esta 
especie, xunto cos microorganismos que colonizan as follas, realiza un papel moi importante 
no procesado de materia orgánica e na súa transformación.  
En resume, os diferentes efectos observados no desenvolvemento larvario, no crecemento, 
na produción de materia orgánica e na composición elemental de todos estes compoñentes, 
ofrecen unha clara explicación de cada un dos tratamentos aplicados, e apunta a que a 
temperatura é o factor principal que afecta ás larvas de B. bifida, aínda que tamén afecta a 
calidade do recurso alimenticio. O consumo de follas de eucalipto promove unha menor 
cantidade e calidade de FPOM dispoñible na vía detritívora, polo que a transformación de 
nutrientes mediada por este detritívoros pode variar, con consecuencias importantes para a 
vía detritívora e, deste xeito, para o funcionamento do ecosistema. É importante promover 
unhas políticas de xestión que preserven estes ecosistemas tan abundantes e característicos 
no clima temperado e que permitan manter a súa estructura e funcionamento en condicións 
o máis naturais posible. 
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Appendix I.1. Worksheet for calculation of mean size-specific density, total mean density, and total 
mean biomass for each leaf type during late spring. 
Alder
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 5 31 37 8 1 0 13.67 0.05 0.39 2.96 8.26 2.62 1.28 0.00 2.59
0.23-0.36 III 4 28 492 200 50 34 134.67 0.31 0.31 2.67 109.82 65.57 64.10 178.95 70.24
0.37-0.69 IV 1 8 45 155 169 59 72.83 2.89 0.08 0.76 10.04 50.82 216.67 310.53 98.15
12.72 10.49 4.48 3.05 0.78 0.19
Birch
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 4 7 90 4 4 124 38.83 0.03 0.28 0.56 8.98 0.55 0.99 29.88 6.87
0.23-0.36 III 1 15 536 417 464 179 268.67 0.31 0.07 1.20 53.49 57.60 114.57 43.13 45.01
0.37-0.69 IV 0 0 67 205 570 241 180.50 3.44 0.00 0.00 6.69 28.31 140.74 58.07 38.97
14.35 12.49 10.02 7.24 4.05 4.15
Chestnut
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 0 18 51 3 6 3 13.50 0.06 0.00 1.41 10.83 0.67 8.33 3.00 4.04
0.23-0.36 III 1 64 667 123 44 27 154.33 0.31 0.07 5.00 141.61 27.64 61.11 27.00 43.74
0.37-0.69 IV 1 8 56 69 34 31 33.17 2.70 0.07 0.63 11.89 15.51 47.22 31.00 17.72
14.91 12.79 4.71 4.45 0.72 1.00
Poplar
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 3 24 26 2 1 0 9.33 0.06 0.26 5.43 5.14 0.87 1.35 0.00 2.17
0.23-0.36 III 8 15 366 247 49 40 120.83 0.31 0.68 3.39 72.33 107.86 66.22 70.18 53.44
0.37-0.69 IV 1 4 52 209 43 78 64.50 3.05 0.09 0.90 10.28 91.27 58.11 136.84 49.58
11.73 4.42 5.06 2.29 0.74 0.57
Oak
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 6 21 18 13 9 1 11.33 0.04 0.39 1.55 1.79 2.24 6.38 0.51 2.14
0.23-0.36 III 2 21 458 680 155 79 232.50 0.31 0.13 1.55 45.44 117.24 109.93 40.10 52.40
0.37-0.69 IV 0 3 65 343 127 280 136.33 3.48 0.00 0.22 6.45 59.14 90.07 142.13 49.67
15.38 13.57 10.08 5.80 1.41 1.97
Pine
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 2 23 31 11 2 0 11.50 0.06 0.11 1.39 2.01 0.84 0.17 0.00 0.75
0.23-0.36 III 10 29 71 19 11 3 23.83 0.26 0.53 1.76 4.60 1.45 0.93 0.32 1.60
0.37-0.69 IV 0 5 6 13 5 6 5.83 1.06 0.00 0.30 0.39 0.99 0.42 0.63 0.46
18.82 16.51 15.45 13.09 11.85 9.46
Eucalyptus
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 5 12 9 1 1 0 4.67 0.06 0.28 0.77 0.69 0.10 0.18 0.00 0.34
0.23-0.36 III 8 14 142 78 36 80 59.67 0.31 0.45 0.90 10.86 7.93 6.35 11.90 6.40
0.37-0.69 IV 1 3 15 19 24 87 24.83 2.39 0.06 0.19 1.15 1.93 4.23 12.95 3.42
17.95 15.59 13.07 9.84 5.67 6.72
Rye grass
Size class Indiv. Mass
(mm) 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 7 25 9 16 9 3 11.50 0.05 0.54 2.49 1.16 2.40 1.73 0.81 1.52
0.23-0.36 III 13 49 214 250 155 9 115.00 0.31 1.00 4.88 27.54 37.43 29.75 2.43 17.17
0.37-0.69 IV 2 8 36 58 53 14 28.50 2.58 0.15 0.80 4.63 8.68 10.17 3.78 4.70
12.94 10.05 7.77 6.68 5.21 3.70
NOTES:
Columns denoted as 1ª to 6ª represent the collection times
Average 
cohort*
Leaf pack (g) =
Leaf pack (g) =
Leaf pack (g) =
No.
Leaf pack (g) =
Leaf pack (g) =
Average 
cohort*
Average 
cohort*
Density (No. leaf g
-1
)
No.
No. Density (No. leaf g
-1
)
No.
Density (No. leaf g
-1
)
Density (No. leaf g
-1
)
Density (No. leaf g
-1
)
No.
The average cohort is the mean density value from samples taken throughout the collection times.
Density (No. leaf g
-1
) Average 
cohort*
Density (No. leaf g
-1
) Average 
cohort*
Density (No. leaf g
-1
)
Leaf pack (last row) is the total quantity of leaf grams incubated (i.e. sum of 3-4 replicates, see text)
Average 
cohort*
Average 
cohort*
Average 
cohort*
Leaf pack (g) =
Leaf pack (g) =
No.
No.
Leaf pack (g) =
No.
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Appendix I.1. (cont.) Worksheet for calculation of mean size-specific density, total mean density, and 
total mean biomass for each leaf type during autumn-winter. 
Alder
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 1 3 2 6 4 2 3.00 0.08 0.09 0.26 0.18 0.63 0.95 3.45 0.93
0.23-0.36 III 11 7 6 20 13 6 10.50 0.34 1.01 0.61 0.55 2.11 3.08 10.34 2.95
0.37-0.69 IV 4 7 12 38 21 3 14.17 2.09 0.37 0.61 1.10 4.00 4.98 5.17 2.70
Leaf pack (g) = 10.92 11.41 10.94 9.50 4.22 0.58
Birch
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 1 6 6 5 8 0 4.33 0.07 0.10 0.44 0.48 0.45 0.77 0.00 0.37
0.23-0.36 III 5 9 17 30 33 11 17.50 0.34 0.51 0.66 1.37 2.71 3.19 1.56 1.67
0.37-0.69 IV 5 13 11 20 44 16 18.17 1.70 0.51 0.95 0.89 1.81 4.25 2.27 1.78
Leaf pack (g) = 9.74 13.69 12.41 11.08 10.36 7.05
Chestnut
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 1 0 1 2 5 2 1.83 0.04 0.08 0.00 0.09 0.22 0.51 1.21 0.35
0.23-0.36 III 6 3 3 5 6 2 4.17 0.21 0.48 0.20 0.28 0.56 0.61 1.21 0.56
0.37-0.69 IV 5 3 2 1 4 4 3.17 0.83 0.40 0.20 0.19 0.11 0.41 2.42 0.62
Leaf pack (g) = 12.49 15.02 10.62 8.98 9.83 1.65
Poplar
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 0 3 1 1 2 0 1.17 0.04 0.00 0.27 0.14 0.34 0.63 0.00 0.23
0.23-0.36 III 2 6 4 10 9 2 5.50 0.30 0.21 0.55 0.55 3.38 2.83 4.88 2.07
0.37-0.69 IV 1 10 9 5 4 0 4.83 0.99 0.11 0.91 1.25 1.69 1.26 0.00 0.87
Leaf pack (g) = 9.48 11.00 7.21 2.96 3.18 0.41
Oak
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 2 0 4 4 1 0 1.83 0.07 0.15 0.00 0.35 0.33 0.10 0.00 0.15
0.23-0.36 III 11 3 5 18 4 1 7.00 0.24 0.83 0.18 0.43 1.48 0.40 0.30 0.60
0.37-0.69 IV 7 1 2 11 5 4 5.00 0.96 0.53 0.06 0.17 0.90 0.50 1.20 0.56
Leaf pack (g) = 13.32 16.53 11.54 12.17 9.91 3.32
Pine
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 0 0 0 8 2 0 1.67 0.06 0.00 0.00 0.00 1.09 0.30 0.00 0.23
0.23-0.36 III 0 2 2 4 3 3 2.33 0.18 0.00 0.24 0.24 0.55 0.46 0.88 0.39
0.37-0.69 IV 0 0 4 2 5 2 2.17 0.76 0.00 0.00 0.48 0.27 0.76 0.59 0.35
Leaf pack (g) = 8.62 8.42 8.38 7.31 6.58 3.40
Eucalyptus
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 0 0 5 5 2 2 2.33 0.04 0.00 0.00 0.47 0.58 0.23 2.17 0.58
0.23-0.36 III 1 3 2 7 7 7 4.50 0.29 0.13 0.19 0.19 0.81 0.82 7.61 1.62
0.37-0.69 IV 1 10 2 16 16 10 9.17 1.65 0.13 0.62 0.19 1.85 1.88 10.87 2.59
Leaf pack (g) = 7.59 16.20 10.62 8.63 8.52 0.92
Rye grass
Size class Indiv. Mass
(mm) Instars 1ª 2ª 3ª 4ª 5ª 6ª Mean (mg) 1ª 2ª 3ª 4ª 5ª 6ª
0.07-0.22 I-II 0 3 2 5 2 1 2.17 0.04 0.00 0.31 0.21 0.60 0.51 0.23 0.31
0.23-0.36 III 3 21 11 18 11 8 12.00 0.39 0.40 2.16 1.13 2.17 2.81 1.81 1.75
0.37-0.69 IV 5 22 16 27 4 2 12.67 1.78 0.66 2.26 1.64 3.26 1.02 0.45 1.55
Leaf pack (g) = 7.58 9.72 9.75 8.29 3.91 4.42
Columns denoted as 1ª to 6ª represent the collection times
Average 
cohort*
Density (No. leaf g
-1
) Average 
cohort*
No.
No.
No.
No.
No.
Density (No. leaf g
-1
) Average 
cohort*
Density (No. leaf g
-1
) Average 
cohort*
No.
No. Density (No. leaf g
-1
)
Density (No. leaf g
-1
) Average 
cohort*
The average cohort is the mean density value from samples taken throughout the collection times.
Leaf pack (last row) is the total quantity of leaf grams incubated (i.e. sum of 3-4 replicates, see text)
No.
Density (No. leaf g
-1
) Average 
cohort*
Density (No. leaf g
-1
) Average 
cohort*
Density (No. leaf g
-1
) Average 
cohort*
NOTES: 
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Appendix I.2. Hynes production calculations for Brillia bifida in each leaf type during late spring. 
Alder
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 2.59 0.05 -67.65 0.12 0.18 -11.91 -47.64
III 70.24 0.31 -27.91 21.54 1.60 -44.63 -178.53
IV 98.15 2.89 98.15 283.80 2.89 283.80 1135.21
Density = 170.97 Biomass = 305.46 P (uncor.) = 1135.21
Cohort P/B = 3.72 Production 
Seasonal P/B = 6.50  (Prod. X 35/CPI) = 1986.61
Birch
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 6.87 0.03 -38.14 0.21 0.17 -6.54 -26.15
III 45.01 0.31 6.04 14.04 1.88 11.34 45.37
IV 38.97 3.44 38.97 134.18 3.44 134.18 536.73
Density = 90.85 Biomass = 148.44 P (uncor.) = 582.11
Cohort P/B = 3.92 Production 
Seasonal P/B = 6.86  (Prod. X 35/CPI) = 1018.69
Chestnut
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 4.04 0.06 -39.70 0.25 0.19 -7.48 -29.91
III 43.74 0.31 26.02 13.77 1.51 39.20 156.78
IV 17.72 2.70 17.72 47.80 2.70 47.80 191.20
Density = 65.50 Biomass = 61.82 P (uncor.) = 347.99
Cohort P/B = 5.63 Production 
Seasonal P/B = 9.85  (Prod. X 35/CPI) = 608.98
Poplar
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 2.17 0.06 -51.27 0.13 0.19 -9.55 -38.21
III 53.44 0.31 3.86 16.71 1.68 6.49 25.96
IV 49.58 3.05 49.58 151.10 3.05 151.10 604.42
Density = 105.20 Biomass = 167.95 P (uncor.) = 630.38
Cohort P/B = 3.75 Production 
Seasonal P/B = 6.57  (Prod. X 35/CPI) = 1103.16
NOTES:
The density column (the average cohort) is the mean value from samples taken throughout each season
P, production; B, mean b iomass; W, mean individual mass between two size classes
Final "mass at loss" should be equal to individual mass of the largest size class
Negative value at top of tab le (far column) disregarded since it is probably an artifact caused by inefficient sampling of smallest 
size class or rapid growth through size interval.
The CPI was extrapolated from experimental studies (see text).  
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Appendix I.2. (cont.) Hynes production calculations for Brillia bifida in each leaf type during late 
spring. 
Oak
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 2.14 0.04 -50.26 0.09 0.18 -8.96 -35.83
III 52.40 0.31 2.73 16.45 1.89 5.17 20.69
IV 49.67 3.48 49.67 172.64 3.48 172.64 690.56
Density = 104.21 Biomass = 189.18 P (uncor.) = 711.24
Cohort P/B = 3.76 Production 
Seasonal P/B = 6.58  (Prod. X 35/CPI) = 1244.68
Pine
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.75 0.06 -0.84 0.05 0.16 -0.14 -0.54
III 1.60 0.26 1.14 0.41 0.66 0.75 3.00
IV 0.46 1.06 0.46 0.48 1.06 0.48 1.93
Density = 2.81 Biomass = 0.94 P (uncor.) = 4.94
Cohort P/B = 5.23 Production 
Seasonal P/B = 9.16  (Prod. X 35/CPI) = 8.64
Eucalyptus
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.34 0.06 -6.06 0.02 0.18 -1.11 -4.44
III 6.40 0.31 2.98 1.96 1.35 4.02 16.07
IV 3.42 2.39 3.42 8.17 2.39 8.17 32.67
Density = 10.15 Biomass = 10.15 P (uncor.) = 48.74
Cohort P/B = 4.80 Production 
Seasonal P/B = 8.41  (Prod. X 35/CPI) = 85.29
Rye grass
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 1.52 0.05 -15.65 0.08 0.18 -2.79 -11.17
III 17.17 0.31 12.47 5.27 1.44 17.97 71.90
IV 4.70 2.58 4.70 12.12 2.58 12.12 48.47
Density = 23.40 Biomass = 17.47 P (uncor.) = 120.37
Cohort P/B = 6.89 Production 
Seasonal P/B = 12.06  (Prod. X 35/CPI) = 210.65
Negative value at top of tab le (far column) disregarded since it is probably an artifact caused by inefficient sampling of smallest 
size class or rapid growth through size interval.
The CPI was extrapolated from experimental studies (see text).
NOTES:
The density column (the average cohort) is the mean value from samples taken throughout each season
P, production; B, mean b iomass; W, mean individual mass between two size classes
Final "mass at loss" should be equal to individual mass of the largest size class
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Appendix I.2. (cont.) Hynes production calculations for Brillia bifida in each leaf type during autumn-
winter. 
Alder
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.93 0.08 -2.02 0.07 0.21 -0.42 -1.66
III 2.95 0.34 0.25 0.99 1.21 0.30 1.19
IV 2.70 2.09 2.70 5.64 2.09 5.64 22.58
Density = 6.58 Biomass = 6.70 P (uncor.) = 23.77
Cohort P/B = 3.55 Production 
Seasonl P/B = 6.21  (Prod. X 49/CPI) = 20.80
Birch
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.37 0.07 -1.29 0.03 0.20 -0.26 -1.06
III 1.67 0.34 -0.11 0.56 1.02 -0.12 -0.46
IV 1.78 1.70 1.78 3.02 1.70 3.02 12.10
Density = 3.82 Biomass = 3.62 P (uncor.) = 12.10
Cohort P/B = 3.35 Production 
Seasonal P/B = 5.86  (Prod. X 49/CPI) = 9.88
Chestnut
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.35 0.04 -0.20 0.01 0.12 -0.03 -0.10
III 0.56 0.21 -0.06 0.12 0.52 -0.03 -0.13
IV 0.62 0.83 0.62 0.52 0.83 0.52 2.07
Density = 1.53 Biomass = 0.65 P (uncor.) = 2.07
Cohort P/B = 3.20 Production 
Seasonal P/B = 5.60  (Prod. X 49/CPI) = 1.69
Poplar
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.23 0.04 -1.84 0.01 0.17 -0.31 -1.24
III 2.07 0.30 1.20 0.62 0.65 0.77 3.09
IV 0.87 0.99 0.87 0.86 0.99 0.86 3.45
Density = 3.16 Biomass = 1.49 P (uncor.) = 6.54
Cohort P/B = 4.39 Production 
Seasonal P/B = 7.69  (Prod. X 49/CPI) = 5.34
NOTES:
The density column (the average cohort) is the mean value from samples taken throughout each season
P, production; B, mean b iomass; W, mean individual mass between two size classes
Final "mass at loss" should be equal to individual mass of the largest size class
Negative value at top of tab le (far column) disregarded since it is probably an artifact caused by inefficient sampling of smallest 
size class or rapid growth through size interval.
The CPI was extrapolated from experimental studies (see text).  
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Appendix I.2. (cont.) Hynes production calculations for Brillia bifida in each leaf type during autumn-
winter. 
Oak
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.15 0.07 -0.45 0.01 0.16 -0.07 -0.28
III 0.60 0.24 0.04 0.15 0.60 0.03 0.10
IV 0.56 0.96 0.56 0.54 0.96 0.54 2.17
Density = 1.32 Biomass = 0.70 P (uncor.) = 2.27
Cohort P/B = 3.24 Production 
Seasonal P/B = 5.67  (Prod. X 49/CPI) = 1.85
Pine
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.23 0.06 -0.16 0.01 0.12 -0.02 -0.08
III 0.39 0.18 0.04 0.07 0.47 0.02 0.08
IV 0.35 0.76 0.35 0.26 0.76 0.26 1.06
Density = 0.98 Biomass = 0.35 P (uncor.) = 1.14
Cohort P/B = 3.25 Production 
Seasonal P/B = 5.68  (Prod. X 49/CPI) = 0.93
Eucalyptus
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.58 0.04 -1.05 0.02 0.16 -0.17 -0.68
III 1.62 0.29 -0.97 0.47 0.97 -0.94 -3.75
IV 2.59 1.65 2.59 4.28 1.65 4.28 17.13
Density = 4.79 Biomass = 4.77 P (uncor.) = 17.13
Cohort P/B = 3.59 Production 
Seasonal P/B = 6.28  (Prod. X 49/CPI) = 13.12
Rye grass
Instars
Density      
(No. leaf g
-1
)      
N
Indiv. mass 
(mg)              
W
No. lost           
(No. leaf g
-1
)   
∆N
Biomass       
(mg leaf g
-1
)      
N  X W
Mass at loss                                          
(mg)                         
Ŵ = (W 1  + W 2 )/2
Biomass lost                  
(mg leaf g
-1
)                                 
Ŵ∆N
Times no. 
size classes  
Ŵ∆N X 4
I-II 0.31 0.04 -1.44 0.01 0.21 -0.31 -1.24
III 1.75 0.39 0.20 0.68 1.09 0.21 0.86
IV 1.55 1.78 1.55 2.76 1.78 2.76 11.03
Density = 3.61 Biomass = 3.45 P (uncor.) = 11.89
Cohort P/B = 3.44 Production 
Seasonal P/B = 6.02  (Prod. X 49/CPI) = 9.71
NOTES:
The density column (the average cohort) is the mean value from samples taken throughout each season
P, production; B, mean b iomass; W, mean individual mass between two size classes
Final "mass at loss" should be equal to individual mass of the largest size class
Negative value at top of tab le (far column) disregarded since it is probably an artifact caused by inefficient sampling of smallest 
size class or rapid growth through size interval.
The CPI was extrapolated from experimental studies (see text).  
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Brillia bifida 
A total of 200 larvae of Brillia bifida were collected in two different Galician streams (stream 
A and stream B, see details in Chapter 4). Specimens were measured to the nearest 0.05 mm 
with an Olympus SZX9 binocular microscope (at 40X). Their head capsule length (HL) and 
total body length (BL) were measured representing a manual measurement. Besides, the 
microscope was connected to a digital color camera (Olympus DP10), and the image was 
read into a PC and processed with the Olympus MicroImage Analysis Software (version 4.0 
for Windows, USA), thus representing the computer measurement. Simple-linear 
regressions (see figures below) between manual and computer measurements resulted 
strongly related (HL: R2 = 0.9583; BL: R2 =0.9620).  
 
Evidently, the high consistency between manual and computer estimates offers high 
reliability of results. As a consequence, all samples from the experiments (field and 
laboratory) included in the present dissertation such as size-biomass estimates were 
carried out only from computer estimates, thus greatly reducing the processing time of 
samples in the laboratory. 
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Body Length-Mass Relationships 
Other subsets of larvae were used to estimate length-mass regressions during late spring 
(1) and autumn-winter (2). Specimens were oven-dried at 55 ºC for 2 days and weighed to 
the nearest 0.01 mg. Estimation of individual larval dry mass (DM) was done by the 
construction of a length-mass regression from the subset of larvae: 
DM (mg) = 0.0024BL(mm) 2.03 (r2 = 0.82; N = 182; range = 0.010-0.312)                                     [1] 
DM (mg) = 0.0023BL(mm) 2.73 (r2 = 0.85; N = 146; range = 0.008-0.492)                                     [2] 
[1] [2]
 
The graphical representation of larval measurements corresponding to the head capsule 
length and the total body length allowed the classification of larval instars (see figure 
below). We observed 4 instars in Brillia bifida larvae (Instar I-II: 0.07-0.22, Instar II: 0.23-
0.36, Instar IV: 0.37-0.69). The high variability observed in 3rd and 4th instars due to the 
different collection times (i.e., from July to October), thus an influenced response to different 
water temperatures. 
 
LENGTH-MASS RELATIONSHIPS 
xiii 
Brillia retifinis 
Similar to that explained for B. bifida specimens, a subset of larvae was used to estimate 
length-mass regressions (see figure below). Specimens were oven-dried at 55 ºC for 2 days 
and weighed to the nearest 0.01 mg. Estimation of individual larval dry mass (DM) was done 
by the construction of a length-mass regression from that subset of larvae: 
DM (mg) = 0.0004BL(mm) 
3.0899
 (r
2
 = 0.95; N = 394; range = 0.004-0.255)                 
 
These data showed a better adjustment that the previous one, probably due to the collection 
of all specimens was carried out at the same time (i.e., July). 
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—A— 
Abiotic—Devoid of life; non-living. It is usually applied to the physical and chemical aspects of an 
organism´s environment. 
Acclimation—Phenotypic adaptation to environmental fluctuations, gradual and reversible 
adjustment of physiology or morphology as a result of changes in environmental conditions. It is 
often used for individual organisms in an artificial environment, or experimental manipulation.  
Ad libitum—It denotes the free access by an animal to the water or some resource, in nutritional 
studies. Therefore, the biological requirements regulate the consumption. 
Adult— The life stage of an individual which implies its complete growth and in which it can produce 
new generations. 
Afforestation—The process of establishing a forest in an unpopulated area of trees. 
Allochthonous material—The material that comes from outside a system or region and it is 
transported into these. In particular, it refers to the source of carbon or organic matter that enters 
streams, lakes or oceans, derived from an adjacent terrestrial system such as plant and soil material. 
Anthropogenic effects—Those processes or materials derived from human activities, in contrast to 
those produced by natural processes. 
Anthropogenic disturbance—An human-mediated event or activity virtually unknown in natural 
systems. 
Aquatic ecosystem—Any body of water, such as a stream, river, pond, lake, or estuary, and all of the 
associated organisms, habitat features and non-living components. 
Assemblage—The group of plants or animals associated with a particular environment.  
Autochthonous material—The material produced within a system. In particular, it refers to the 
source of carbon or organic matter enters streams, lakes or oceans such as algae.  
Autotrophs—The organisms that obtain energy from the sun or from the oxidation of an inorganic 
substance and convert it into their food through a series of chemical reactions. 
— B — 
Balanced growth—It refers to the similar specific rate of changes in the elemental content of an 
organism during growth. Note that the chemical composition can be regulated actively (see 
Homeostasis), thus, “strict homeostasis” is not interchangeable with “balanced growth”. 
Basin (Drainage area)—The area of land that drains water, sediment and dissolved materials along 
a stream channel. 
Behaviour—Any observable action or response of an organism to environmental factors. 
Benefit—Something that promotes or enhances well-being; an advantage. 
Benthic—Something that is related to the bottom of a sea or lake or to the organisms that live there. 
Benthos—The group of organisms living on or within the substrates of aquatic habitats. 
Biodiversity—The number, variety, and genetic variation of different organisms found within a 
specified geographic region. Thus, it includes the genetic and phenotypic variation, both within and 
among species, plus the variety of ecosystems created by these species.  
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Bioenergetics—The study of the flow and transformation of energy in and between living organisms, 
and between living organisms and their environment. It includes the study of thousands of different 
cellular processes such as cellular respiration and many other metabolic processes that can lead to 
production and utilization of energy in forms such as ATP molecules.  
Biomass—Any quantitative estimate of the total mass of organisms comprising a whole population 
within an area at a given time, expressed as volume mass (dry mass, ash-free dry mass) or energy 
(calories).  
Biota—The biological entities (flora and fauna) in a habitat, ecosystem, or larger region, 
independently of its diversity.  
Biotic—Living; associated with or derived from living organisms. It is usually applied to the 
biological aspects of an organism´s environment. 
Body size—An attribute of individual organisms. It affects, or at least is correlated with, a 
considerable array of physical, physiological and behavioural characteristics. 
Bottom-up control—It refers to the dependence via growth limiting resources (e.g., nutrients). 
Breakdown (Leaf breakdown)—see also Decomposition—The loss of leaf mass over time. Leaf 
litter breakdown is frequently used to measure both structural and functional integrity in aquatic 
ecosystems. 
Buffer— Something that absorbs and protects the shock of an impact by moderating adverse effects. 
— C — 
Carrying capacity—The maximum population that a particular ecosystem can hold or support. 
Channel—A waterway that contains water (e.g., the streambed). 
Climate change—Changes in intensity and distribution of solar radiation reaching Earth´s surface. 
For current global climate change, is used the term global warming.  
Climax—A stage in the ecological development in which a community of organisms is stable and 
capable of perpetuating itself. Hence biotic community is in equilibrium with ambient conditions. It 
represents the terminal stage of ecological succession. 
Coevolution— The interdependent evolution of two or more species that have an obvious ecological 
relationship. It is usually restricted to cases in which the interactions are beneficial to both species. 
Coexistence— The presence of two or more species in the same area or habitat, usually referred to 
potential competitors. 
Cohort—A group of individuals of the same age enrolled in a population at the same time (i.e., age 
class), thus they share a common feature or aspect of behaviour. 
Cohort generation time—An approximation to the true generation length. Hence, it is simply the 
average time between the birth of a parent and the birth of its offspring. 
Collectors—Those aquatic animals that filter small particles of organic matter from the water 
flowing over them (collector-filterers) or from the sediment (collector-gatherers). 
Colonisation—The spreading of a species into a new habitat (i.e., a successful occupation of a 
habitat). 
Community—A group of plants and animals living and interacting in a specific region and at a 
particular time (i.e., under relatively similar environmental conditions). 
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Community stability—The ability of an ecosystem to resist change without significant changes in its 
composition.  
Community structure—The list of species and their relative abundances to build a given community 
or entity. 
Compensation—(see Trade-offs)—It refers to changing the tolerance or the ecological amplitude of 
a species to a certain factor, through interaction with one or more additional factors. Things that 
make a bad situation better.  
Competition—An interaction between individuals of the same species (or different) by food, space, 
light, etc., when these are inadequate to supply their needs. 
Conservation—Planned management of natural resources, retention of balance, diversity and 
natural evolutionary change in the environment. It includes the principles and practice to prevent 
species extinctions. 
Constrain—Something that restricts, limits, or regulates. 
Consumer—An organism within a community that feeds upon plants or other animals, and thus gets 
energy from that. 
Consumer-driven nutrient recycling (CNR)—A concept that recognizes the importance of 
consumers in regulating ecosystem processes. It is a recent concept which initially emerged from 
studies on pelagic systems but with interesting applications in other systems. 
Consumption—The action of an individual heterotrophic, population or trophic unit in a time to 
intake food or energy. 
Cost—The loss or damage required for acquiring, producing, or maintaining something, usually 
measured in time or energy. 
Cuticle—In plants, a layer of waxy substance on the outer surface of epidermis cell walls. In animals, 
the outermost part layer of many invertebrates. 
— D — 
Debris (organic)— The fragmented remains of dead or damaged cells or tissue such as logs, trees, 
limbs, branches, leaves, bark that accumulate, often in streams or riparian areas. Debris may be 
naturally occurring or as a result of man’s activities. 
Decomposers—An organism, often a bacteria or fungi, that feeds on (and breaks down) dead plant 
or animal matter, thus making organic nutrients available to the ecosystem. 
Decomposition—The gradual disintegration of the dead organic matter (i.e., metabolic degradation) 
by both physical and biological agents.  
Deforestation—The cutting down and removal of all or most of the trees in a forested area. 
Deforestation can erode soils, contributes to desertification and the pollution of waterways, and 
decreases biodiversity through the destruction of habitat. 
Detritivores—see also Decomposers and Shredders—An organism that feeds on and breaks down 
dead plant or animal matter, returning essential nutrients to the ecosystem. Detritivores include 
microorganisms such as bacteria as well as larger organisms such as fungi or invertebrates. They are 
considered to be of central importance for the breakdown of allochthonous organic material in 
temperate-zone streams.  
APPENDIX III 
 xx 
Detritus—Organic matter formed by the breakdown of decomposing plants and animals. Detritus is 
typically colonized by microorganisms which act to decompose (or remineralize) the material and 
make it more palatable to bigger organisms such as macroinvertebrates. 
Development— The process of growth and differentiation of an individual resulting in an increased 
complexity (gradual). 
Begon et al. (1996) “It is the progressive differentiation of parts, enabling an organism to do 
different things at different stages in its life history” 
Developmental threshold— A minimum size or condition that must be attained before a life history 
transition can occur (e.g., the temperature below (or over) which the development of an organism is 
not possible).  
Daily growth rate—The growth measured as the change in body mass in a day (i.e., final less initial 
mass per day).  
Diapause—It is the resting phase or period of suspended growth or development which is 
characterized by a very low metabolic activity, usually during hibernation. It is an adaptation 
enabling survival through unfavourable conditions. 
Tauber and Tauber (1976) “Diapause is a widespread form of dormancy among insects and 
acarines, which is characterized by a number of morphological, behavioural, physiological, and 
biochemical features. (...) The appropriate timing of features subserves an organism's successful 
adaptation to favourable and unfavourable cyclic seasonal conditions in its biological and 
physical environment” 
Discharge—A measurement of the amount of running water in the stream channel. Discharge 
depends on both the velocity of the water and the area of the wetted channel, and is generally 
measured in m3/seg. 
Dispersal—It is the pattern of distribution of organisms (or a population) in the space. It may 
involve active or passive movements.  
Distribution—The spatial range of a species, usually on a geographic area but sometimes on a 
smaller scale, or the arrangement of a species or a population over its habitat.  
Disturbance—Any process that removes biomass from the community; an abiotic event, natural or 
human-caused such as storms and fires, that kills or damages some organisms and thereby creates 
opportunities for other organisms to grow and reproduce. 
Diversity— It is a measurement of the number of species and its relative abundance in a community. 
Dominant species—see also Key species and Functionally important species— It is the extent to 
which a species is numerically predominant in a community.  
Donor-controlled systems—Those systems in which species are donor-controlled. This means that 
they do not control the rate at which their resources are made available or regenerate (e.g., 
detritivores). They are dependent on the rate at which some other factors (e.g., senescence, the 
shedding of leaves by trees) release the resource on which they live. The donor controls the density 
of the recipient, but not the reverse. 
Drift—It is the number of animals driven or moving along in a water body. A mechanistic and 
functional explanation of drift is achieved by asking which are the benefits and costs to an individual, 
and direct observations of the individual behaviour.  
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— E — 
Ecological niche—It is a n-dimensional hypervolume within which a species can maintain a viable 
population. It refers to environmental conditions and also resources. 
Ecological stoichiometry—The study of the balance of multiple chemical substances, energy and 
materials, in ecological interactions and processes. It is an approach that analyses the constraints and 
consequences of mass balance of multiple chemical elements in ecological interactions (Sterner 1995, 
Elser et al. 1996, Hessen 1997).  
Ecosystem— It refers to the community of organisms and its physical environment interacting as an 
ecological unit. It is the complete physical and biological content of a biotope. 
Lindeman (1942) “The system composed of physical-chemical-biological processes active 
within a space-time unit of any magnitude, the biotic community plus its abiotic environment”  
Ecosystem functioning— It is the sum of all ecosystem-level processes or the physiological activity 
of a species, group or community in an ecosystem. 
Ecosystem Management—It is a style or philosophy to control or supervise the natural resources 
which considers all the species, habitats, and ecological processes of a biogeographical area. The main 
objectives are to maintain the long-term productivity of the landscape and ensure that no species 
goes extinct by human activities.  
Ectothermic—see Poikilothermic—It is the term of or relating to an organism that regulates its 
body temperature largely by exchanging heat with its surroundings; cold-blooded. 
Ecotone—It refers to the boundary or transition zone between adjacent communities (i.e., two or 
more naturally occurring diverse communities). 
Elemental imbalance—It is the dissimilarity on the nutrient content between two things. It occurs 
when consumers obtain elements from their food in different proportions form those required for 
their growth, reproduction and maintenance (Sterner and Hessen 1994, Sterner 1997, Frost and Elser 
2002). At the contrary, if both consumer and resources have identical stoichiometry, they are 
perfectly balanced.  
Emergence—It is the act of emerging such as newly formed. 
Emigration—It is the movement of individuals out of a population or from one area to another. 
Endothermic—An organism which is able to generate heat within itself to maintain its corporal 
temperature, typically above the temperature of its surroundings; warm-blooded. 
Energy flow—It is the flow of energy through trophic levels or major functional groups of organisms 
in an ecosystem, typically includes production, consumption, assimilation, non-assimilation losses 
(faeces), and respiration (maintenance costs).  
Environment—The physical, chemical and biotic conditions that affect the behaviour and 
development of somebody/something, and thus may affect a population, an organism, or the 
expression of an organism's genes. 
Eukaryotic— A single-celled or multicellular organism whose cells contain a distinct membrane-
bound nucleus, DNA as genetic material and organelles defined (i.e., protozoans, algae, fungi, plants 
and animals).  
Extinction— It is a removal process since it represents the disappearance of a species from a given 
habitat or biota, not excluding subsequent colonisation from elsewhere. 
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— F — 
Fecundity—It is the potential reproductive capacity of an organism or population measured by the 
number of eggs, or seeds, or generally offspring in the first stage of the life cycle, produced by an 
organism or population.  
Fitness—The extent to which an organism is adapted to or able to produce offspring in a particular 
environment. Hence, it is a measurement of the success of an entity in reproducing or the relative 
contribution that an individual makes to the gene pool of the next generation.  
Flood— It refers to an abrupt increase in discharge. Frequently, those that exceed the capacity of a 
given stream and become it in inundated or submerged. 
Food—Material, usually of plant or animal origin, that contains or consists of essential body 
nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals, and is ingested and assimilated 
by an organism to produce energy, stimulate growth, and maintain life. 
Food chain—The transfer of food energy from plants through a series of consumers by repeated 
eating and being eaten. Food chains interconnect to form food webs, which represent energy flow 
through an ecosystem. 
Food web— Movements of energy and nutrients from a group of organisms with common nutritional 
requirements to other group (trophic level), thus the flow through an ecosystem. 
Functional trait—Phenotypic feature of an organism that has implications for ecosystem processes. 
Functional or Functioning—The activities, processes, or properties of ecosystems that are 
influenced by its biota. 
Functional feeding groups—The classification of animals based on how they gather their food, 
rather than what they eat. It is generally used in describing communities of stream and lake benthos. 
Functionally important species— Those species that have a markedly influence several ecosystem 
properties (directly or indirectly). Hurlbert (1997) defined the concept of functional importance as 
the sum, over all species, of the (unsigned) changes in productivity following the removal of the test 
species from the community.  
— G — 
Global stability—The tendency of a community to return to its original state even when is subjected 
to a large perturbation. 
Grazer—An animal that feeds on growing grasses and herbage.  
Grazer-scrapers—Those aquatic animals that graze the organic layer of algae, microorganisms and 
dead organic matter on stones and other substrates. 
Guild—A group of diverse species that occupy a common niche in a given community, characterized 
by exploitation of environmental resources in the same way. 
Growth—It refers to the development from a lower or simpler to a higher or more complex form; 
evolution. It implies an increase in body size. 
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— H — 
Habitat—Location, site and particular type of local environment (i.e., chemical resources and 
physical conditions) occupied by an organism or ecological community.  
Habitat diversity—The number of different types of habitat found within a given area. 
Hatch—It refers to the act of emerge from or break out of an egg. 
Headwater stream—The source from which a river rises; small or low order streams. 
Herbivory— The consumption of living plant material. 
Heterotrophic—Those organisms that obtains food from exogenous organic material on the 
organisms and is able to synthesize organic compounds from inorganic substrates. 
Heterotrophic energy sources—Energy support of food webs which derives from non-living 
sources of organic matter. It requires a source of non-living organic matter and the presence of 
microorganisms (bacteria, fungi) or macroinvertebrates to break down the organic matter and 
release its stored energy.. 
Homeostasis—The maintenance of a relatively stable equilibrium state, in an individual or in a 
biological system, by intrinsic regulatory mechanisms, thus a physiological regulation of organisms. 
Sterner and Elser (2002) “Resistance to change of the internal milieu of an organism compared 
to its external world” 
Hypothesis—A basic statement or explanation that leads to predictions that can be demonstrable. 
An assumption that gives an explanation of observable facts, proposed to test its consequences. 
— I — 
Immigration—The movement of a body or group to a new population or geographical region. 
Incubation period—The period during which the embryo in an egg develops before hatching. 
Interaction—The dependence or the interplay between entities that affects one or more of them (as 
in interactions between species). 
Interspecific competition/interaction—It refers to the competition or interaction between 
members of different species. 
Intraspecific competition/interaction—It refers to the competition or interaction between 
individuals of the same species. 
— K — 
Key species or Keystone species—see also Dominant species and Functionally important 
species—That species which exerts strong regulating effect on other species in a community and, 
ultimately, on the ecosystem structure. Its removal would produce a significant effect in at least one 
other species. 
Paine (1969) “The species composition and physical appearance were greatly modified by the 
activities of a single native species high in the food web. These individual populations are the 
keystone of the community´s structure, and the integrity of the community and its unaltered 
persistence through time...are determined by their activities and abundances”  
APPENDIX III 
 xxiv 
K selection—It is the selection that produces a superior competitive ability in stable environments. 
Here, rapid population growth is not as important as the length that it remains at or near the habitat's 
carrying capacity. The characteristic traits of these individuals are, broadly, large size, delayed 
reproduction, iteroparity, a small reproductive allocation, much parental care, and the production of 
few but large offspring.  
— L — 
Leaf bag—also Leaf pack— A bag made with plastic material, mesh of different sizes, etc. used to 
gather leaves. This kind of material is frequently used for aquatic ecologists to estimate 
decomposition rates of a particular leaf species or a combination of them under experimental 
conditions. 
Leaf litter—see Litter—The detritus of fallen leaves and bark which accumulate in forests or 
streams. 
Leaf processing—see also Breakdown and Decomposition—Basic model of leaf decomposition 
stages: leaching, microbial colonisation and fragmentation by mechanical means and invertebrate 
activity. 
Life cycle—The sequence of events from the origin to the death of an individual. 
Life history—An organism´s lifetime pattern of growth, differentiation, storage and reproduction. 
Life stage—A space for the performance of the life cycle. 
Life table—The monitoring of a group of individuals all born during the same period, from this time 
of birth through to the death of the last surviving individual. It is important to distinguish between 
cohort and non-cohort techniques (see Hauer and Lamberti 1996). 
Lignin—Complex organic material deposited within the cell walls of plants associated with cellulose, 
especially in wood and fibres. 
Limiting factor—Any environmental factor or group of factors that exist in the sub-optimal level and 
therefore prevents or restricts a body reaches its biotic potential. 
Litter—see Leaf litter—Dead plant material, commonly leaves, needles, twigs, etc on the soil surface. 
Litter provides food and also habitat for small animals, fungi, and plants, and the material may be 
used to construct nests. As litter decomposes, nutrients are released to the environment. The animals, 
fungi and bacteria that live in and eat plant litter are called detritivores (decomposers and 
shredders). In particular, leaf litter is a major component in the organic matter budgets of streams 
worldwide. 
— M — 
Macroinvertebrate—An invertebrate animal with a body length greater than 0.5 mm. 
Maturation—The process of becoming fully differentiated and hence obtaining sexual maturity, 
complexity and increasing accuracy of the patterns of behaviour during the growth to maturity, not 
learned from previous experience. 
Maximal growth potential—The specific growth rate achieved under conditions of resource surplus 
such that an organism is growing and its full capacity for those physical conditions. 
Metabolic rate—The rate at which organisms transform energy and materials. 
Metabolism— All the biochemical processes of living organisms. 
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Microbes or Microorganisms—Any microscopic organism, including bacteria, viruses, unicellular 
algae, protozoan, and microscopic fungi. 
Microcosm—Artificial simplified ecosystems that are used to simulate and predict the behaviour of 
natural ecosystems (i.e., under controlled conditions). Open or closed microcosms provide an 
experimental area for ecologists to study natural ecological processes. These studies can be very 
useful to study the effects of disturbance or to determine the ecological role of key species. 
Migration—The movement of an organism or group of organisms from one habitat or location to 
another, periodic or seasonal movement usually a long distance from an area that affects the 
distribution range. 
Monoculture— It refers to the cultivation of a single species, frequently excluding other species. 
Mortality— The number of deaths in a particular situation or period of time. 
— N — 
Niche—The particular range of conditions that species can tolerate, and how their physiological 
responses impact species geographic distributions. 
Nutrient availability— It refers to the proportion of nutrients that can be absorbed/ingested by the 
organisms.  
Nutrient content—or Nutrient composition—The amount of nutrients in an organism. Nutrient 
content is generally expressed in units such as g of nutrient per dry weight, (or as a percent). Since 
biomass C content is relatively constant as a function of dry weight for most living things, nutrient 
content is generally proportional to the nutrient:carbon ratio. 
Nutrient cycling—The transformation of chemical elements from an inorganic form in the 
environment to an organic form by organisms and, via decomposition, back to inorganic form. It is 
the passage of an atom (e.g., nitrogen or phosphorus) from a dissolved phase as an available nutrient, 
through incorporation into living tissue and passage through one or more links in the food web. 
Nutrition—The process by which living plants and animals receive the food necessary for them to 
grow and be healthy through its ingestion, digestion and assimilation. 
— O — 
Offspring—The individuals resulting from a cross between two parents. 
Opportunistic species—Those species that have the ability to exploit new habitats or resources. 
Optimal— It refers to the most favourable conditions for growth and reproduction of an organism or 
for the maintenance of a system. 
Organic material—Belonging to, or derived from, living organisms, or on compounds that contain 
carbon as an essential component. 
— P — 
Palatability—The property of being acceptable to eat; acceptable to the taste or enough in flavour to 
be eaten. 
Parasite—The organism that obtains its nutrients from one or a very few host individuals causing 
harm, but not causing death immediately. 
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Parenchyma—The primary tissue of higher plants, composed of thin-walled cells and forming the 
greater part of leaves, roots, the pulp of fruit, and the pith of stems. 
Pathway—A sequence of enzymatic or other reactions by which one biological material is converted 
to another. 
Performance—It the process by which someone or something functions. 
Phenology—The study of periodic biological phenomena in relation to climatic conditions (e.g., the 
lifetime pattern in an organism of growth, development and reproduction in relation to seasons).  
Phenotype—The expression of a specific trait (structural and functional properties) based on 
genetic and environmental influences.  
Phenotype plasticity—The ability to produce a significant variation in phenotype as a result of 
environmental influences on the genotype during ontogeny or development. 
Photoperiod—It refers to the length of daylight every day. 
Poikilothermic (Ectotherm)— It refers to a cold-blooded individual which has a body temperature, 
primarily determined by ambient temperature. 
Population—It is the group of organisms that occupy a well-defined geographic region and exhibit 
reproductive continuity from generation to generation. 
Population density—The number of organisms in a given area or volume of habitat. 
Population ecology—The study of spatio-temporal variations in sizes and densities of populations, 
and of the factors causing those variations. 
Predator—The organism that consumes other organisms, divisible into true predators, grazers, 
parasites and parasitoids.  
Prey—An individual liable to be, or actually, consumed, and hence killed, by a predator. 
Primary production— The amount of light energy from the sun converted to chemical energy 
(organic compounds) by autotrophs (e.g., plants, algae, many bacteria) in an ecosystem within a 
period of time. 
Priming effect—The act of making something ready. In the context of the present dissertation, it is 
the phenomenon by which inputs to soils of labile organic matter (LOM) such as glucose, cellulose, or 
root exudates, are known to induce modifications (i.e., positive or negative) in the mineralization rate 
of the more recalcitrant organic matter (ROM) (see Guenet et al. 2010). 
Production—see also Primary and Secondary production— The formation of biomass through 
time. It is essentially the increase of an individual´s mass over time scaled to the population or 
community levels of ecological organisation. When scaled beyond the level of the individual, 
production is a flow or flux per unit of time (e.g., amount of biomass formed per unit area per unit of 
time, mg m-2 d-1).  
Pupa—An insect in the stage of development between the larva and adult stage. 
— Q — 
Quality—An inherent or distinguishing characteristic; a trait or a property. 
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— R — 
r selection— Selection favouring a rapid rate of population increase, typical of species that colonize 
environments with short life cycles or those with large fluctuations in the population size. 
Recruitment—The influx of new members in a population by reproduction or immigration. 
Redfield ratio—It refers to the proportion of elements equal to 106 atoms of C per 16 atoms of N per 
1 atom of P. 
Refuge—It is the area to which an individual can escape or avoid a predator. 
Relative growth rate—The proportion of an organism’s growth potential that is actually achieved. 
Reproduction—The process of making another copy by producing offspring. 
Resource—Any component of the environment that can be used by an organism. 
Resource subsidies—Flows of biologically fixed energy and nutrients from one ecosystem to 
another. They are the key processes that cross ecosystem boundaries and link adjacent systems. 
Restoration—The replacement or giving back of something lost. Returning a system to a close 
approximation of its condition prior to disturbance, with both the structure and function of the 
system recreated. 
Riparian area or zone—The aquatic ecosystem and the adjacent upland areas that directly affect it, 
and associated wetlands. It is a three-dimensional area of direct interaction between the aquatic and 
terrestrial ecosystems. These zones extend outward from the water’s edge, upward into the canopy of 
the riparian vegetation, and downward into the soils. Riparian zones are a diverse mosaic of 
landforms, communities and environments within the larger landscape, and they serve as a 
framework for understanding the organisation, diversity and dynamics of communities associated 
with fluvial ecosystems. 
— S — 
Specific growth rate—The exponential rate of change of biomass of the organism normalized to its 
biomass. 
Secondary production—The assimilation of the organic matter and the formation of living mass by 
a heterotrophic consumer, population or group of populations over some period of time. 
Shortages—A situation when there is a lack of those resources that are needed. 
Shredders —see also Detritivores—An organism that feeds on whole leaves and fragment them in 
very small pieces. 
Species—It is a group of organisms that can reproduce with one another in nature and produce 
fertile offspring.  
Species composition—The species presented in a community. 
Species richness—The number of different species within an area. 
Standing crop—It is the amount of living biomass, plant or animal, present in a given location, 
usually expressed as mass per unit area. 
Stoichiometry—A branch of chemistry that deals with the application of the laws of definite 
proportions and the conservation of mass and energy, thus the quantitative relationship between 
constituents in a chemical substance. 
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Strategy—Plan, method or structure used by an organism or group of organisms to meet a particular 
set of conditions. 
Stress—An applied force that tends to deform a body, an organism or a population with further 
consequences. This word is often used confusingly to describe the force and the condition induced in 
the organism by that force—a confusion of stimulus and response. 
Structure—The physical configuration of elements, parts, or constituents of a habitat, plant, or 
animal community. 
Substrate—Sediment, surface or medium to which is attached a body or on which it grows.  
Succession—The progressive development of biological communities, plant or animal or the 
replacement of one species community by another that lead to a stable climate community. It is a 
gradual process of change and progressive replacement of a community, represented by the shift in 
species composition through time (e.g., colonisation and extinction of species). 
Survivorship—The probability of a newly born individual surviving to various ages. 
Synchronization—Something existing or occurring at the same time. 
Survival—A natural process resulting in the evolution of organism’s best adapted to the 
environment. 
— T — 
Tannins—Complex substances containing phenolic compounds found in plants and usually making 
the plant material less readily digested. 
Threshold—The region that marks a boundary or the point that must be exceeded to begin 
producing a given effect or result or to elicit a response. 
Top-down control—It refers to situations where the structure of lower trophic levels depends on 
the effects of consumers from higher trophic levels. 
Toxins—It is a poisonous substance. 
Trade-offs—An exchange of one thing in return for another. 
Trait—A distinguishing feature of an organism. 
Trend—The general course or prevailing tendency in which something tends to move. 
Trophic level—The approximate feeding level in an ecosystem, which is assessed by the number of 
energy-transfer steps to reach that level. The first trophic level is primary producers, the second level 
is primary consumers, etc. Many organisms are difficult to place in a single trophic level, such as 
omnivores that feed on plants and animals. 
— V — 
Voltinism—The number of offspring and generations per year or per season, which has generally 
been studied through observation of adult emergence and/or regular sampling of a larval population. 
This term is usually quantified by a prefix (e.g., univoltine, bivoltine, multivoltine). 
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— W — 
Woody Debris—Dead woody material, which is greater than 10 cm in diametre and longer than one 
metre, such as large woody debris (LWD), coarse woody debris (CWD), and large organic debris 
(LOD). 
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a) c)
b)
 
Pictures of the Mera stream (UTM 29T 610151 4760657) from the field work in Galicia 
(NW Spain) that it was explained in Chapter 1: a) during the late spring, b) an example 
of leaf packs incubated, and c) during autumn-winter. 
d) e)
f)
g)
 
Leaves incubated in the Mera stream during the study carried out in Galicia (NW Spain): 
d) an example of different leaf packs incubated (5 ± 0.1 g), e) chestnut leaves collected 
after incubation, f) and g) alder leaves in different times of processing. 
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Brillia bifida individuals: a) Lateral view of the larvae at 40X, and b) Lateral view of the 
pupae with a head capsule at 20X (ventral view). 
 
Brillia bifida individuals: a) Lateral view of the larvae at 40X, and b) Lateral view of the 
pupae with a head capsule at 20X (ventral view). The pictures c), d) and e) represent the 
female genitalia (ventral views). 
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Some phases of the growth and development of Brillia bifida larvae in experimental 
chambers (microcosms): a) larvae construct a case with small pieces of organic matter 
when they maturate from larvae to pupae, b) case, c) alder leaf some days after the 
beginning of the incubation (i.e., initial feeding), and d) alder leaf at the end of the 
incubation period. 
 
Eggs of Brillia bifida larvae obtained from the experimental chambers (microcosms): a) 
32X, b) 57X, c) 25X, and d) 57X. 
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Microcosms constructed in the laboratory of the University of Vigo: a) microcosms 
consisted of rectangular-shaped plastic chambers of 6.4 cm2 base and 10 cm height 
(total volume of 64 cm3), b) microcosms with water, c) construction of aeration circuit 
to maintain oxygenated conditions, and d) final design of the aeration circuit. 
 
Pre-treatment of leaves. Leaves were cut in discs to carry out one of the experimental 
incubations in the laboratory: a) eucalyptus leaves and b) alder leaves. 
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Laboratory procedure at the end of the laboratory incubations a) filtration of water 
samples to quantify the fine particulate organic matter (FPOM), which later will be 
dried, and b) filters (GF/F filters 0.45 µm) with the FPOM filtrated. 
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Field work in Vancouver (Canada). Channels constructed in the Malcom Knapp Research 
Forest (MKRF, Vancouver) to carry out the experiment of mesocosms: a) 16 channels 
constructed, b) collector box, which mix the water previously to enter channels, and c) 
end pipes located at the bottom of the channels, d) leaf packs included in each channel 
accordingly to the leaf treatment, and e) final design of the channels with a cover to 
avoid leaf falling. 
 
Brillia retifinis individuals: a) Lateral view of the larvae at 40X, and b) Lateral view of 
the pupae with a head capsule at 57X (ventral view). 

